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TWENTY-YEAR INDEX 


SEWAGE WORKS JOURNAL 


(now SEWAGE AND INDUSTRIAL WASTES) 


1928 —1948 


AUTHORS « SUBJECTS « GEOGRAPHICAL 


Here is the key to the great reservoir of fundamental 
knowledge that is stored in the 115 numbers of the 
JOURNAL that record the era of greatest progress in 
water pollution contro!. Almost 9000 entries are 
compiled and arranged for finger-tip location with 
maximum convenience and economy of time. This 
compendium covers completely the entire content of 
the first twenty volumes of the JOURNAL. Bound in 
buckram, 144 pages. 


Price—$4.50 


Order your copy now from 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


325 ILLINOIS BUILDING CHAMPAIGN, ILLINOIS 
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The only method of removing grit and sand 
from sewage without mechanical equipment 
is provided by the Aer-Degritter. The ve- 
locity of flow is controlled by air introduced 
through Swing Diffusers and Precision Dif- 
fuser Tubes. All sand of 0.2 mm. (65 mesh) 
and larger is washed and deposited in the 
bottom of the tank. 


Less than 10% volatile matter and only a 
negligible trace of putrescible organics re- 
mains in the grit removed. Aer-Degritters 
may be installed ahead of all mechanical 
equipment because coarse sewage material 
will not interfere with the operation of the 
Aer-Degritter or affect the hydraulic design 
of the plant. 


The basic features of the Aer-Degritter are: 
©@ MAXIMUM REMOVAL © CLEAN GRIT 
@ NO MECHANISM © LOW COST 


©@ SIMPLE STRUCTURE © AIR CONTROLLED 
VELOCITIES INDEPENDENT OF FLOW 


BELLAIRE, TEXAS SEWAGE TREATMENT PLANT 

Design Flow 6 M.G.D 

HILTON & COULSON 

Consulting Engineers 

COLUMBUS OHIO SEWAGE TREATMENT PLANT 
Design Flow 160 M.G.D. 

PAUL A. UMLMANN & ASSOCIATES 

Consulting Engineers 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


622 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 
Flush Kleen, Scru-Peller, Plunger. Swing Diffusers, Stationery Diffusers, 
Horizontal and Vertical Non-Clogs Mechanical Aerators, Combination 
Water Seal Pumping Units, Samplers Aerator-Clarifiers, Comminutors. 
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SAMPLER 


new 
precision pump 
for sampling sewage 
and industrial wastes 


This unique pump has been de- 
signed for taking sewage and indus- 
trial waste samples... for controlling 
present treatment processes or for 
making engineering studies of future 
needs. The material being pumped 
comes in contact with nothing but 
the flexible tubes through which it 
passes. The precision pumping action 
is unaffected by small particles of 
foreign matter such as sand, strings, 
or other contaminants. Capacity per 
tube 3.75 gal. per hr. Write today 
for Bulletin 67-H1B. Omega Machine 
Company (Division of B-I-F Indus- 
tries), 368 Harris Ave., Providence 1, 
Rhode Island. 


FEATURES 
ADJUSTABLE 

from zero to maximum while operating 

NON-CLOGGING 

will pump slurries or gritty material 
CORROSION-RESISTANT 

rubber or synthetic pump tubes resist 

nearly all reagents 


RENEWABLE PUMP ELEMENT 
replacing the pump tubes also re- 
places the valves 

DOUBLE PUMP HEAD 
for collecting two samples simul- 
taneously 
POSITIVE DISPLACEMENT 
for discharge pressures to 10 psi, 


RA EG 


The Last Word in Feeders 


and 5 ft. suction lift 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.® 
O. Taytor, Secretary 
Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asesn.* 
M. V. Extis, Sec.-Treas. 
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Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage and Wastes Assen. 


Sam A. Weep, Sec.-Tre 
Room 315, City Hall, Oakland 18, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bldgs. 
Toronto 8, Ontario, Canada 
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Assn. 
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c/o Illinois Sanitary Water Board 
Springfield, Ill. 
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North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak 
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Cuartes E. Cart, Sec. -Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak. 


Federal Sewage Research Asan. 
Lester M. KtasuMan, Sec.- 
Rm. 4218, Fed. Security Bldg., 
Washington 25, D. C. 


Florida Sewage and Industrial Wastes Assn. 
Donatp P. Scutesswout, Sec.-Treas. 
Bureau of San. Eng. 
P. O. Box 210 
Jacksonville 1, Fla. 


Georgia Water and Sewage Assn.* 
. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
WitHeLtm Bucksteec, Sec.-Treas. 
Schliessfach 1112 
Ruhrverband, Essen, Germany 


Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 
Wakefield, Yorks, England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


Iowa Sewage Works Assn. 
Leo HortKkampP, Sec.-Treas. 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage and Industrial Wastes Assn. 
Dwicut F. Metzzer, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas, Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Farrer, Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 
Louisiana Conference on Water Supply and 
Sewerage * 
Grorce L. West, Sec.-Treas. 
Water Dept., Lake Charles, La. 


* Sewage Works Section. 


Mary land-Delaware Water and Sewerage Assn.* 
W. M. Binctey, Sec.-Treas. 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Pierce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missourl Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Health, Helena, Montana 
Nebraska Sewage and Industrial Wastes Assn. 
Paut W. Mouser, Secretary-Treasurer 
602 West B Street, McCook, Nebr. 
~ England Sewage and Industrial Wastes 
ssn. 
Stepuen M. Hurtey, Jr., Sec.-Treas. 
c/o State Dept. of Health 
331 State Office Bldg., Providence, R. I. 
ay Jersey Sewage and Industrial Wastes 
ssn. 
S. Kacuorsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
Ratpx C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
North Carolina Sewage and Industrial Waste 
Assn. 
E. C. Hussarp, Sec.-Treas. 
State Board of Health, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bldg., Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Ropert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept. 
University of Washington, Seattle 5, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
B. S. Busn, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
C. E. Harness, Sec.-Treas. 
272 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
W. T. Linton, Sec.-Tre 
Wade Hampton Blidg., ‘Columbia, Ss. 
(Sweden) Fireningen Fir 
Sten Hesser, Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Association Suisse Des Profes- 
sionels De L’Epuration Des Eaux 
Epuarp HOo.Lincer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Assn.* 
V. M. Euters, Sec.-Treas. 
501 W. 33rd St., Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assen 
Hamrick, Jr., Sec.-Tre 
415 W. Franklin St., Richmond 20, Va. 
West Virginia Sewage and Industrial Wastes 
Assn. 
Guten O. Fortney, Sec.-Tre 
State Dept. of Health, Charleston, W. Va. 
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HOW TO MEASURE 


TRADE WASTES 
ACCURATELY 


In accordance with anti-pollution laws recently enacted 
by numerous states, most industries now face the task 
of purifying their plant wastes before discharging them 
into adjacent streams and rivers. 


This purification process usually requires special plant 
construction, and invariably the necessity exists of ob- 
taining flow data, whether this be the simple indication hat. 
of flow rate or a more permanent method of recording o 
and totalizing the flow through the plant. With purifica- i 
tion processes of this kind, measuring equipment usually ye 
is located at the point of discharge of partially filled pipe .* 
or in open channels, where low heads or pressures exist Be 
and where measurement is either difficult or impossible aa 
when using standard forms of measuring instruments. 


The Simplex type S Parabolic flume, either alone or in 
conjunction with a Simpléx type HF water float operated 
meter, is the ready answer to this measuring problem. 
Compact in design, with no pockets or grooves to catch : 
sediment or solids, and capable of operating under low = 
flow conditions, the unit measures over long ranges, ce 
from maximum to 5% of maximum capacity. : 

Available in standard pipe sizes of 6 inches to 36 inches 
diameter inclusive, the flume can be attached to even 
larger sizes by means of eccentric reducers. 


Write for Bulletin 800, to the 
Simplex Valve & Meter Company, 
6719 Upland Street, Philadelphia 42, Pa. 


AND METER COMPANY 
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Association 


South Carolina Water and Sewage 
Works Assn. 


Arizona Sewage and Water 
Works Assn. 


Kansas Sewage and Industrial 
Wastes Association 


California Sewage and Industrial 
Wastes Association 


Maryland-Delaware Water and Sewerage 


Association 


Virginia Industrial Wastes and Sewage 
Works Association 


Central States Sewage and 
Industrial Wastes Assn. 


New England Sewage and Industrial Wastes 
Association 


Alabama Water and Sewage 
Association 


New York Sewage and Industrial 
Wastes Association 


Ohio Sewage and Industrial 
Wastes Treatment Conference 


Pennsylvania Sewage and 
Industrial Wastes Assn. 


West Virginia Sewage and Industrial 
Wastes Association 


Iowa Sewage Works Assn. 
Rocky Mountain Sewage Works 
Association 


Kentucky-Tennessee Industrial Wastes 
and Sewage Works Assn. 


Missouri Water and Sewerage 
Conference 
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MEMBER ASSOCIATION MEETINGS 


Place 


Clemson College, 
Spartansburg, C. 


San Marcos Hotel, 
Chandler, Ariz. 


Hotel Broadview, 
Wichita, Kans. 

Mar Monte Hotel, 
Santa Barbara, Calif. 
Commander Hotel, 
Ocean City, Md. 
Hotel Jefferson, 
Richmond, Va. 

Hotel Pere Marquette, 
Peoria, Il. 

Laconia Tavern, 
Laconia, N. H. 
Univ. of Alabama, 
University, Ala. 
Hotel Sheraton, 
Rochester, N. Y. 
Mayflower Hotel, 
Akron, Ohio 


Pa. State College, 
State College, Pa. 


Hotel Morgan, 
Morgantown, W. Va. 


Iowa State College, 
Ames, Iowa 


Hotel La Fonda, 
Santa Fe, N. M. 


Owensboro Hotel, 
Owensboro, Ky. 


Elms Hotel, 


Excelsior Springs, Mo. 


Apr. 
Apr. 
Apr. 
Apr. 
May 
May 
June 
June 
June 
June 
June 
Aug. 
Sept. 
Sept. 
Sept. 
Sept. 


Sept. 


Time 
2-4, 1953 


16-18, 1953 
22-24, 1953 
22-25, 1953 
20-21, 1953 
21-22, 1953 
3-5, 1953 
4-5, 1953 
8-12, 1953 
8-9, 1953 
17-19, 1953 
26-28, 1953 
2-3, 1953 
2-4, 1953 
21, 1953 
21-23, 1953 


27-29, 1953 


TWENTY-SIXTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 

Florida Sewage and Industrial Wastes Association 
Municipal (Bayfront Park) Auditorium, Miami, Florida 
October 13-16, 1953 


Address hotel reservation requests to: FSIWA Convention 
Housing Bureau, 320 N.E. Fifth Street, Miami, Florida 


North Carolina Sewage and Industrial 
Waste Association 


Nebraska Sewage and 
Industria] Wastes Association 


Water, Sewage and 
Conference 


Oklahoma 


Industrial Waste 


Sheraton Hotel, 
High Point, N. C. 


Hotel Capital, 
Lincoln, Nebr. 


Okla. A & M College, 


Stillwater, Okla. 


Nov. 


Nov. 


Nov. 


9-11, 1953 
12-13, 1953 


16-20, 1953 
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from the YEOMANS GUARD 


90% B.O.D. Removal in 
“ Aero-Filter” Plant 
at Plant City, Fla, 


How’s this for a letter ? 


“The Florida State Board of Health joins 
the City of Plant City in its pride in having 
such an excellent sewage treatment plant.”” The 
letter to T. J. McCall, City Manager, continues 
“and certainly Plant City has set an example 
which would be very profitable for other cities 
to follow.” 

In a later letter the State Board of Health 
added, “. .. we now have almost a year's 
operating data on this plant and .. . appar- 
ently it is achieving a B.O.D. removal in excess 
of 90 per cent. 

This all-Yeomans waste treatment plant, 
built around an ‘‘Aero-Filter’ and four dual 
Streamline Sludge Collectors, was designed by 
Alan B. Pimm, Consulting Engineer of Tampa, 
Fla., to meet the needs of the present population 
of approximately 10,000 with provision for pos- 
sible future population growth to 15,000. 

The happy sequel to this success story is the 
fact that numerous other communities are fol- 
lowing Plant City’s example. They're specifying 
Yeomans treatment equipment and getting high 
efficiency at low cost. 


New—Pump Bearings Now 
Immune to Ashes, Sand, 
Emery Dust & Iron Filings 

At last we have an effective answer to bearing 
failures in vertical wet-pit centrifugal pumps— 


the Lubri-Vac® System. By providing positive 
lubrication of the radial bearing, Lubri-Vac has 


The Yeomans Guard, published several times 
a year, is a compendium of news and useful 
information covering the pumping of ma- 
terials and the treatment of wastes, both 
domestic and industrial. We shall be pleased 
to send you the current issue if you'd care to 
have it. Ask your local Yeomans Representa- 
tive—listed in the telephone book yellow 
pages under “‘Pumps'’—or write direct. 


YEOMANS BROTHERS COMPANY 


1999-7 N. RUBY STREET, MELROSE PARK, 


reduced bearing failures and pump servicing by 
95%. 

Lubri-Vac has been tested under field oper- 
ating conditions for more than two years; and 
in the laboratory it has met even more grueling 
conditions, by pumping a solution of 3000 p.p.m. 
abrasive content—#0% coarse beach sand, 20% 
ashes, 15% tron filings and 5% emery dust! 

Performance like that shows why we have 
made Lubri-Vac standard equipment on all 
Yeomans vertical wet-pit centrifugal pumps. 

There's a new bulletin with design and labora- 
tory test data, the complete Lubri-Vac story— 
sent on request. 


How to Make Your 
Centrifugal Pumps 
Last Longer. . . 


If you’re interested in making your centrifugal 
last longer—and who isn 't?—y ou should 
ave a copy of our Manual 2000, *‘Handbook 
For Care of Centrifugal Pumps.” In it you'll 
find easy-to-read, illustrated tips on avoidin 
commontpump troubles . . . several, helpf 
facts about preventive maintenance an 
maintenance ‘‘timetable’’ reminding you of 
things to do every month, every three months, 
every six months and every year. Step 1, not 
listed, is—*' Now's a good time to write for your 
free copy . . . Manual 2000.” 


Difficult Industrial Wastes 
Successfully Treated 
In Yeomans Plants 


A number of industrial wastes, including some 
described as ‘“‘difficult,’’ are being treated in 
Yeomans plants—with results described in some 
instances as ‘‘miraculous.” 

Efficient treatment is the main objective, of 
course; but the extraordinarily low cost of Yeo- 
mans plants—as to both construction and opera- 
tion—is a factor that is pleasant to consider. 

If you have a knotty problem of industrial 
waste treatment, it makes much sense at abso- 
lutely no cost to find out how we may be able 
to help solve it. Just write a letter. 


® Registered Trade Name. 


ILLINOIS 


Manufacturers of: Centrifugal Pumps and Pneumatic Ejectors for Buildings, Municipalities, and 


Industrial Applications, and a Full Line of Waste Treatment Equipment. qummmms 
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Seto hos The job Of comer > 
And becouse of that succetshul experienté, Mew York City 
neers have specified @zone for the odor control systent at the new 

Owls Head Sewage Treatment Works . . a system designed to stop 
those complaints before they start! 


Ozone hos done the job in New York City. It can do it for you... in 
your community ! 


Write for further information te. 


47 
THE WELSBACH CORPORATION 
<ONE PROCESSES D/v/S/ON 
1800 Weinut Street, Philadelphia 2, Pa. 


Pioneers in Continuing Ozone Research 


| 
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dependable ¥ 
process 
equipment 
built to 
fit 


Large or small 
—a Conkey 
filtration 
plant can 
serve you 
well. Left, a 
self-contained 
package unit. 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
Sales Office: 10 East 49th Street, New York 17, New York 
General Offices: 135 South La Salle Street, Chicago 90, Illinois 
in Canada: Canadian Locomotive Company, Ltd., Kingston, Ontario 
OFFICES IN ALL PRINCIPAL CITIES 
Other General American Eq ent: Turbo-Mixers ¢ E 


P s De 
Towers * Tanks * Bins * Dryers * Pressure Vessels 
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SCREENS: 


EASILY FABRICATED OF EVERDUR 
FOR EXTRA CORROSION RESISTANCE 


Fabricated of Everdur* Copper- Silicon 
Alloys, this sewage screen offers years of 
protection against corrosion at all stages 
of sewage treatment. Everdur alloys are 
the standard for equipment where high 
corrosion resistance must be incorporated 
into readily fabricated, lightweight struc- 
tures. 

Everdur applications include gates, 
guides and bolts, valve and gate stems, 
weirs, float chambers, troughs, manhole 
steps and electrical conduit. These highly 
corrosion-resistant alloys are characterized 
by great strength and excellent working 
properties. Depending on which alloy is 
used, Everdur may be worked hot or cold, 
welded, machined, forged or cast and is 
available in plates, sheets, rods, tubes, 


electrical conduit and casting ingots. 

If you would like detailed information 
for specific applications or designs, the 
services of our Technical Department are 
always available to you. Our Publication 
E-11 describes Everdur Alloys and applica- 
tions in detail. Write for it. The American 
Brass Company, Waterbury 20, Connecti- 
cut. In Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 


EVERDUR 
® 
ANACONDA 


COPPER-SILICON ALLOYS 
STRONG * WELDABLE * WORKABLE 
CORROSION-RESISTANT 
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TRITOR SCREENS —Ar small sewage 
treatment plants—where grit creates 
a problem during storm flows, this 
one machine accomplishes the eftec- 
tive, low-cost removal of both screen- 
ings and grit. 


STRAIGHTLINE GRIT CHAMBERS 
—For the removal of a clean, washed 
grit with a low putrescible content. 
The complete collection and thor- 
ough cleaning operation makes further 
handling unnecessary. 


STRAIGHTLINE GRIT COLLECTORS 
—On this bucket type collector, water 
sprays wash the grit from the buckets 
into a separate washing and dewater- 
ing screw. Photo also shows Link-Belt 
Bar Screen. 


How get flexible, 
low-cost grit removal 


LINK-BELT can give 
you equipment best suited 
to your requirements 


ye" let grit plug your pipe lines . . . wear 
out your pumps .. . take up valuable space 
in your digesters. Link-Belt builds effective grit 
removal equipment that assures both low costs and 
flexibility. 


For example, with the Tritor Screen, a grinder 
may be used to shred the screenings when no grit 
is received. During storms, the grinder may be 
by-passed and grit and screenings disposed of by 
fill, burial or incineration. Similarly, the Straight- 
line grit collector is designed either with a pitched 
flight collector and dewatering and washing screw 
discharging direct from the grit chamber—or with 
a bucket type collector for deep chambers. 


In addition to grit handling and washing equip- 
ment, Link-Belt manufactures a complete line of 
equipment for water, sewage and industrial waste 
treatment plants. A call to the Link-Belt office near 
you will put you in touch with an experienced 
sanitary engineer. He'll work with your engineers, 
chemists and consultants—help you get the best in 
modern treatment equipment. 


LINK-BELT COMPANY: Plants: Chicago, Indianapolis, Phila- 
delphia, Colmar, Pa., Atlanta, Houston, Minneapolis, San 
Francisco, Los Angeles, Seattle, Toronto, Springs (South 
Africa), Sydney (Australia). Sales Offices in Principal Cities. 
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SEWAGE AND INDUSTRIAL WASTES 


Through the years Lock Joint has proven itself in water 
supply and transmission mains—and now more and 
more sanitary engineers are realizing its value for sewer f Lock Joint Prestressed 
force mains. It withstands high internal pressures and Be veadily withetante the 
external loads, resists corrosion, tuberculation and rup- a3 ae 
ture, has watertight flexible joints and will maintain a ag ? 
high carrying capacity for an estimated life of over 
100 years. 

Its performance is unexcelled, yet this high quality 
pipe is low in first cost and is virtually free from repair 
and maintenance charges. For top performance at rock 
bottom cost, specify Lock Joint Prestressed Concrete 
Cylinder Pipe for your next sewer force main project. 


Its ability to withstand heavy back- 
loads frequently makes it possible 
to lay Lock Joint Prestressed Con- 
crete Cylinder Pipe in deep cuts 
without s bedding. The speed 
with whict nay be laid and the 
fact that it can be immediately 
backfilled usually makes it unneces- 
sary to sheet the trench 


SCOPE OF SERVICES—Lock Joint Pipe Company special- 
izes in the manufacture and installation of Reinforced Con- 
crete Pressure Pipe for Water Supply Distribution Mains in a 
wide range of diameters as well as Concrete Pipes for Sani- 
tary Sewers, Storm Drains, Culverts and Subaqueous Lines. 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P. ©. Box 269, East Orange, N. J. 
PRESSURE PIPE PLANTS: 
Wharton, N. J., Turner, Kan., Detroit, Mich 
BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. + Denver, Col. 
Kansas City, Mo, + Valley Park, Mo. - Chicago, Ill. + Rock Island, Il. 
Wichita, Kan, + Kenilworth, N. J. + Hartford, Conn. - Tucumcari, 
N. Mex. + Oklahoma City, Okla, + Tulsa, Okla. 
Beloit, Wis. - Hato Rey, P. R. 
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it’s your 


Quality ... that costs no more is yours when you choose Fairbanks- 
Morse Side-Suction Centrifugal Pumps. Extensive engineering lab- 
oratories .. . production line methods with precision machining of 
all parts enable Fairbanks-Morse to offer you a side-suction centrif- 
ugal with the design, workmanship and performance normally 
obtained only in highest quality split-case pumps. 

Open type, single suction, high efficiency impeller . . . ball-bearing 
frame construction for long life and smooth operation . . . one-piece, 
solid cast frame . . . close-grained smooth cast iron volute . . . are 
among the many big pump features you'll find in these moderate 
priced side-suction centrifugals. 

For a “cue” to better pump performance, choose the pumps that 
spell quality with a capital “Q” . . . Fairbanks-Morse Side-Suction 
Centrifugals. Fairbanks, Morse & Co., 600 S. Michigan, Chicago 5, Ill. 


FAIRBANKS-MORSE 


a name worth remembering when you want the best 


PUMPS + DIESEL LOCOMOTIVES + ELECTRICAL MACHINERY + SCALES « HOME 
WATER SERVICE EQUIPMENT + RAIL CARS + FARM MACHINERY » MAGNETOS 
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SEWAGE AND INDUSTRIAL WASTES 


abatement 
has passed from the Talking ¢o the 


C TIN G stage 


These two timely 
bulletins will help you act 
on your waste problem 


Here’s useful information on 
waste treatment... including 
equipment description, 
specifications, flow diagrams and 
actual case histories of plating, 
refinery, metal finishing, phenolic 
and other wastes. These bulletins 
are yours for the asking. 


INFILCO INC. 
P.O. BOX 5033, TUCSON, ARIZONA 


Please send Infilco Bulletins Nos. 70-S and 850-S. 
Name 
ACT NOW...send 


this coupon today! Firm 
Addres 


INFILCO INC. } Tucson, Arizona 


Plants in Chicago and Joliet, Illinois 
FIELD OFFICES IN 26 PRINCIPAL CITIES 


A 
| 
nt 
4 treatment), 
| | 
| 


Operator closes Nordstrom valve installed on a 
pump line in o Midwest sewage treatment plant. 


ve ese the selenite’ known 


confined is wonsmined vaiformly fe off areas of 


confining sucfece.” Thes, bye 


cent ever the soeting suyleces, and po 


50 Ibs. 


APPLICATION OF PASCAL’S 
TO M@RDSTROM VALVES 


Low", which stetet applied to 


IN SEWAGE VALVE 
SERVICE YOU NEED 
NORDSTROM’S INTERNAL 


Nordstrom Lubricant-Sealed valves have been 
installed on sewage treatment lines country- 
wide with more than a quarter century of 
trouble-free operation. 


There’s a reason for Nordstrom’s longer valve 
life and superior performance. All Nordstroms 
give you the basic advantage of Nordstrom 
design—an internal lubrication system which 
provides a positive seal against leakage, pro- 
tects vital seating surfaces, and keeps the valve 
ready to operate easily at any time. 


When you specify valves for sewage treatment 
services, call your Nordstrom representative. 
His advice will save you time, effort and 
money. Rockwell Manufacturing Company, 
Pittsburgh 8, Pennsylvania. 


ROCKWELL Built Nordstrom Valves 
Lubricant-Sealed for Positive 


Another & product 
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PUMP 
PARADE 


many 


of the World’s 


important Places 


For nearly 40 years buyers have believed 
in the soundness and progressiveness of 
Wheeler Economy Pump engineering. 
The reason is longer life. Case records 
show Wheeler-Economy Pumps operat- 
ing 15 to 20 years without replacement 
of major parts. Here is just a random 
selection of installations to prove Buyer 
Belief in Wheeler-Economy Pumps .. . 


They are installed in the White House 
as part of the new air conditioning 
system . . . An installation of large 
Wheeler-Economy Pumps is playing a 
part in one of the most isolated and vital 
spots in the South Pacific. Three 
Wheeler-Economy Pumps are installed 
in a jet engine laboratory pumping river 
water to cool generating engines 
Wheeler-Economy Circulating Pumps 
furnish air-conditioning in the world’s 
tallest building . . . There are Wheeler- 
Economy Pumps on many major ships 

. and huge Wheeler-Economy Circu- 
lators in major central power generating 
stations . . . Near Wapato, Washington, 
Wheeler-Economy Pumps irrigate thou- 
sands of acres of agricultural land under 
the Grand Coulee Dam project 


a 


And this is only a small part of the 
record. There are Wheéler-Economy 


There's a distributor or Pumps for every pumping need from 
small units for equipment manufacturers 
to giants of 200,000 GPM. 


E-137-R 


WHEELER-ECONOMY PUMPS 


19TH ANO LEHIGH PHILADELPHIA 32 PA 
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Typical of modern G-E equipment is this switchgear and Limitamp control lineup at a new west coast plant. 


3-way aid for your Clean Waters plan 


Special control like this chlorinator panel is part 
of complete G-E equip t for sewage plants. 


Clean Waters program consists of film, manual 
Modern Sewage Treatment, handout leaflets. 


Available now to all communities faced with the 
need for new or expanded sewage-treatment facil- 
ities is this three-way help from General Electric: 
1. Community-action program, including the 
film Clean Waters to aid you in increasing 
public support for necessary new projects. 
2. Engineering assistance to your consultants 
or engineers in electrical-system planning. 
3. Co-ordinated electrical equipment supplied 
from the complete G-E line of motors, con- 

trol and power distribution equipment. 
To take advantage of this complete service, 
contact your nearest G-E Apparatus Sales Office 
early in the planning of your project. General 
Electric Co., Schenectady 5, N. Y. 666-75 


lift-pump motors to small motors for process drives. 


Engineered Electrical Systems for Sewage Plants 


GENERAL ELECTRIC 
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Fair Weather or Foul... 
No Water Can Enter 
Head to Freeze, 

No Sediment Can Reach 
Operating Thread 


MATHEWS 


HYDRANTS 
Made by R. D. Wood Company 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of "Sand-Spun” Pipe (centrifugally cast in 
sand molds) and R. D. Wood Gate Valves 


@ The stuffing box plate, cast 
integral with the nozzle sec- 
tion, covers the entire area of 
the head and, with the pack- 
ing, prevents water from 
reaching the operating thread. 
This means no rust can form 
and no sediment can be de- 
posited on the thread to wear 


and destroy it. 


e No matter how cold the 
weather, the stem thread can- 
not freeze to the nut, nor can 
ice form inside it to interfere 


with closing the hydrant. 


e Community fire protection 
is assured with the installa- 
tion of Mathews Hydrants— 
vital links between hose and 


water main. 


No Other Hydrant 
Offers So Many 
Essential Features 


Compression type valve prevents 
flooding « Head turns 360° « Re- 
placeable head « Nozzle sections 
easily changed « Nozzle sections 
easily raised or lowered without 
excavating e« Protection case of 
“Sand-Spun” cast iron for strength, 
toughness, elasticity » Operating 
thread only part to be lubricated 
e All working parts contained in 
removable barrel « A modern bar- 
rel makes an old Mathews good as 
new e Available with mechanical- 
joint pipe connections 
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SEWAGE AND INDUSTRIAL WASTES 


IN THE PETROLEUM INDUSTRY 
@Cf Cylindrical Plug Valves 
give full flow, quick quarter- 
turn shut-off. 


ON CHEMICALS viscous 
ladings or materials in suspen- 
sion flow freely without turbu- 
lence. 


IN SEWAGE PLANTS QcCf 
Cylindrical Plug Valves handle 
raw sewage with ease — plug 
shears obstructions. 


It means, primarily, a smooth, straight-through 
flow. Look through an QLC.£> CYLINDRICAL Plug 
Valve, and you'll see why solids in suspension 


and heavy, viscous ladings pass so easily. There 


are no restrictions to retard flow! The valve port 
has an area at least as large as the pipe itself. 
For the lowest head loss of any plug valve in the 
world, specify Q-C.f> CYLINDRICAL, Lubricated 
Plug Valves. You'll save time and pumping cost! 


Write for Catalogue 4-S!. American Cor and Foundry Representative 
éo. Valve Division, 1501 E. Ferry Ave., Detroit 11, Mich. 50 Principal Cities 
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SEWAGE AND INDUSTRIAL WASTES 


“VAREC’ Pressure 

Relief and Vacuum 

Breaker Valve with 

Flame Arrester — Fig. 

5800C — Relieves ex- 

cess pressures and 

vacuum in digesters 

TYPICAL INSTALLATION DIAGRAM and protects vessels 


—— —— from outside fires. 


“VAREC” Explosion 
Relief Valve—Fig. 70 
— Relieves sudden 
surges in pressure 
from explosion or mo- 
mentary plant fluctua- 
tions. 


"VAREC” Flame Trap 
Assembly — Fig. 450— 
Prevents flame propa- 
gation in piping. 


“VAREC” Waste Gas 
Burner — Fig. 236, 237 
or 238 — Efficiently 
burns all excess gas. 


“VAREC” Flame Check 
— Fig. 51A or 52A— 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 
sure to be wasted 
through gas burner 
and prevents flame 
flashback from burner. 


Plan with nec 


ducing Regulator— 
Fig. 187 or 387—Con- 


Symbols of Safety 


going to utilization 
equipment. 


AREC” Check Valve 


FOR GAS CONTROL THROUGHOUT YOUR 


gas flow. 


“VAREC” Manometer 

— Fig. 215, 215A, 216 

PROVEDors APpy or 216A — Indicates 
O, system pressures. 


“VAREC” Drip Trap— 
Fig. 245 or 248. 


“VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U.S.A. 


$-10 Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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City Saves 60% on Cost of Piping 
for Treatment Plant 


When a northwest city had to en- 
large its sewage treatment plant the 
installed cost of the type of pipe 
originally considered far exceeded 
the engineer’s estimate. Then they 
found that by using Armco As- 
BESTOS-BONDED Pipe they could do 
an equally good job for 60% less 
than the original bid. 

On every item in the bill of 
materials, Armco ASBESTOS-BONDED 
Sewer Pipe with a Pavep-INVERT 
was much lower on an installed cost 
per foot or per unit. Savings ranged 
from a minimum of 28% to an 
astounding 93%! 

Armco AsBESTOS-BONDED Pipe 
provides complete protection against 
severely corrosive conditions. The 
PaveD-INVERT guards against ero- 
sion. Thus you can use Armco 
Sewer Pipe with confidence that it 
will solve your most “difficult” cor- 
rosion or erosion problems. 

For normal conditions plain gal- 


vanized standard pipe will provide 
long service or you can have the 
extra protection of bituminous coat- 
ing. Armco MULTI-PLATE Pipe or 
Arch extends the advantages of cor- 
rugated metal design to larger struc- 
tures. And either Standard or MULTI- 
PLATE Pipe-Arch will solve prob- 
lems of limited headroom. For more 
details, write us. Armco Drainage & 
Metal Products, Inc., 1853 Curtis 
Street, Middletown, Ohio. Subsidi- 
ary of Armco Steel Corporation. 
Export: The Armco International 
Corporation. 


Armco 
Sewer pRMCO 


Structures 


: 97a 

2 18” Deod End 

2" 
5 a7” x 24" Topers 


SEWAGE AND INDUSTRIAL WASTES 


New Waterbury Disposal Plant 


...flash dries sewage sludge 


A large forward step in lowering pollution in Connecticut’s 
Naugatuck River was taken when the city of Waterbury 
opened its new disposal plant recently. Combining refuse 
incineration with sludge disposal and high temperature 
deodorization, the Waterbury plant effectively disposes 
of wastes for an equivalent population of 100,000. 

The C-E Raymond Flash Drying Unit in this new plant 
is designed to dry over 29 tons of filter cake per day. This 
is equivalent to an evaporation rate of 2600 pounds per 
hour. The plant is designed so that the sludge can be 
dried and marketed as fertilizer, or incinerated to a 
sterile ash. 


The Waterbury plant is typical of C-E Raymond Sys- 
tem installations, now in service in virtually all parts of 
the country, meeting the varying requirements of both 
large and small communities. They are flexible in layout, 
highly efficient and thoroughly reliable; they provide for 
maximum utilization of waste heat. 


The services of C-E specialists are available to assist 
you in finding the best solution to your sludge disposal 
problem. Get in touch with the C-E office nearest you for 
prompt attention. B-S61A 


C-E Raymond Flash Dryer Systems installed, under 
construction or on order since 1945 


BALTIMORE, Md. 
BETHLEHEM, Penna. 
BLOOMSBURG, Penna. 
CAMDEN, N. J. 


CHICAGO, Il. 
(W. Southwest) 


FOND DU LAC, Wis. 
HOUSTON, Texas 
LANSING, Michigan 


LOS ANGELES, Calif. 

SAN DIEGO, Calif. 

SAN FRANCISCO, Calif. 

SCHENECTADY, WN. Y. 

SHEBOYGAN, Wis. 

WASHINGTON, D. C. 

WYOMISSING VALLEY, 
Penna. 

COLNE VALLEY, 
England 

RECIFE, Brazil 


WATERBURY, Conn. 


COMBUSTION ENGINEERING — SUPERHEATER, INC. 


FLASH DRYER DIVISION 


1315 North Branch Street 
Western Office: 560 W. Sixth, Los Angeles 14, Calif. 


ALL TYPES OF STEAM GENERATING, FUEL 


Chicago 22, Illinois 


Eastern Office: 200 Madison Ave., N. Y. 16, N. Y. 
BURNING AND RELATED EQUIPMENT 
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ALO 


made from the only TIME-TESTED DIFFUSER MATERIAL 


When considering air diffusers, these facts 
are worth keeping in mind: Of the many aera- 
tion methods and materials tried since the 
discovery of the activated sludge process (in 
1915), only one has stood the test of time. 
Only porous ceramic diffusers have been used 
with continued success. And more installa- 
tions have been made with ALOXITE aluminum 
oxide diffusers than all makes combined. Hun- 
dreds are still operating — many after over 
20 years’ service. 

The inherent advantages of ALOXITE dif- 
fusers are: (1) A highly uniform grain 
structure. This assures uniform, small-bubble 
diffusion, and, consequently, optimum absorp- 
tion. (2) A smooth, low-resistance surface. 


The glass-like ceramic bond that coats each 
grain minimizes pressure loss or clogging. (3) 
Permanent resistance to corrosion. (4) Adapt- 
ability to practically all cleaning methods. 
(5) Great strength and ruggedness. 

ALOXITE diffusers are available in plate or 
tube form, and in a full variety of grades. 
This permits maximum flexibility of design. 
It also lets you select the exact grade for opti- 
mum diffusion, (consistent with air supply 
quality, pressure loss characteristics, and over- 
all life). This is particularly 
important since the intro- 
duction of the oxygen ab- 
sorption test. 


Write for free 56-page booklet. 


Trade Mark 


Dept. N-33, Refractories Div. 


The Carborundum Co., Perth Amboy, N. J. 


“Carborundum" and “Aloxite” are registered trademarks of The Carborundum Co. 
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SEWAGE AND INDUSTRIAL WASTES 


Streamline Sewage 
Treatment 


Dry and/or Burn Sludge. with Nichols Multiple 
Hearth dryer-incinerators. Burn sewage sludge to a sterile 
ash or dry it for use as a fertilizer. 


Use Proved Adaptable Equipment... . the 
Nichols Multiple Hearth furnace successfully incinerates 
sludge in liquid, thickened, raw or digested state. Assures 
simple, positive, dependable and economical sludge 
disposal. 


Have a Compact, Attractive Plant such as is 
made possible by use of the Nichols Multiple Hearth 


Dryer-Incinerator. Unsightly, space-wasting sludge beds, 
lagoons, dumps and digesters can be eliminated. 


The Nichols ultivle Hearth 
Dryer-in cinerator! 


NICHOLS Engineering & Research Corp. 


70 PINE ST., NEW YORK 5, N.Y, 

1920 N: Meridian St., Indianapolis 2, Ind. 

40S, Los Robles Ave., Pasadena 1, Calif. Ag 

1477 Sherbrooke St. W., Montreal 25, Canada 
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SEWAGE AND INDUSTRIAL WASTES 


Joseru J. Rapy, Engineer 


**A view of a recently completed single-stage Spiraflo Clarifier Plant at 
Texas City, Texas, taken from on top of the primary Spiraflo Clarifier.” 


The above plant has one 54-ft. diameter primary Spiraflo which 
handles an average flow of 3.46 m.g.d. and a maximum flow of 
6.05 m.g.d. The 98-ft. diameter filter and the 54-ft. diameter 
final Spiraflo handle 3.46 m.g.d. with recirculation from the final 
clarifier back to the filter, during low raw sewage flows. All 
secondary sludge is returned to the raw sewage wet well, to be 
returned to the primary tank. Maximum surface rate in the 
primary is 2640 gal. per sq. ft. per 24 hr. 


If you would like to improve your sewage plant results, we 
urge you to investigate the Spiraflo Aero-filter combination in 
single-stage or two stages. This combination, when treating do- 
mestic sewage, is giving over-all B.O.D. removals in single stage 
of 88 to 92 per cent without the use of parallel recirculation. 


LAKESIDE ENGINEERING CORPORATION 


222 West Adams Street Chicago 6, Illinois 
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to confine operating 
costs that could 


become “Public Enemies” 


CHAPMAN’S 


SLUICE GATE 


needed) can be straightway dropped 
into place in the field, without 
alterations. 

What’s more, Chapman Standard 
Sluice Gates can be specified with any 
type of operating control. ..manual, 
hydraulic, or electric. Catalog No. 25 
gives complete details and specifica- 
tions. Write for your copy now. 


You shut the gate on excessive costs 
the moment you specify Chapman 
Standard Sluice Gates. For installation 
is fast and foolproof, because the 
interchangeable stems and couplings 
need no match-marking. 

And then you /ock the gate on ex- 


cessive costs... for repairs and The CHAPMAN Valve Mfg. Co. 


replacements parts (when and if INDIAN ORCHARD, MASSACHUSETTS 
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Dougherty Refinery, Chemical Oil Precipitation Plant. 
Inset: Raw, First Stage and Final Effivent. 


Coolant Reclamation 


Continuous Flow Package Plants 


Breaking of water and oil emulsions is usually accomplished by cracking 
and conditioning, followed by alkaline precipitation. Efficient, continuous 
flow package CLARIFLOW plants are available in both single-stage and 
the more reliable two-stage designs. 


Mechanical sludge collection, oil skimming equipment and automatic sludge 
blow-off are features of the efficient, economical CLARIFLOW package unit. 


Batch Type Package Plants 


For smaller operations or for demulsification of concentrated coolants, 
batch type package plants are available. They can be operated as single 
or multi-stage plants to best solve the problem involved. 


write for complete information 


WALKER PROCESS EQUIPMENT INC. 
FACTORY ENGINEERING OFFICES LABORATORIES 
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MONO-CAST CENTRIFUGAL PIPE 


FOR EVERY SERVICE CONDITION 


‘““Mono-Cast” is the trade name for ACIPCO pipe cast centrifugally in sand- 
lined molds. Uniform metal section, high physical strength, endurance, and 
freedom from inclusions are salient properties which have established the name 
“Mono-Cast” as synonymous with highest quality cast iron pipe. It can be 
supplied with joints for conveying water, gas, oil, gasoline, sewage, salt brine, 
ashes—and in fact, just about everything that a pipe line can conceivably convey. 

Being cast iron Mono-Cast Pipe enjoys an enviable reputation. Cast iron pipe 
has had over 300 years of service abroad and more than 100 years of service in 
the United States. It is satisfactorily serving in locations where especially severe 
external and internal corrosion conditions exist. Mono-Cast Pipe is designed to 
give super-service; and its wide acceptance and splendid performance bespeak its 
excellence and the confidence and esteem in which it is held by those who are 
using it. 

ACIPCO works hand-in-hand with engineers, contractors and superintendents 
in solving piping problems in their respective fields. Refer your next piping 
problem to ACIPCO and utilize both our extensive manufacturing facilities and 
our nearly half a century of experience in furnishing pipe and fittings for water 
works and sewage disposal plants. 

Let us assist you by taking off lists of material and submitting a price on pipe 
and fittings for your next job. 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM 2, ALABAMA 


Dallas Houston El Paso Pittsburgh Kansas City New York City 
Chicago Minneapolis Cleveland Denver Los Angeles San Francisco Seattle 
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COMPLETELY AUTOMATIC MECHANICALLY CLEANED 


UNIT BAR SCREEN 


Exclusive Pivoted Rake Design 
Assures Positive Raking from 
Absolute Bottom of Channel 


Horizontal position of rake teeth at the 
beginning of cleaning cycle accomplishes 
raking from absolute bottom of channel. 


Soe: not push them ewey = ‘Nore THE “AMERICAN” UNIT SCREEN 
Completely automatic witha limit switch 
which stops operation with the rake out 
of the flow when time control or water 
level control cycles have been com- 
pleted e Easily installed as a unit in 
concrete channels e Total height of unit 
from mounting floor to motor base is 
only five feet e The entire above-floor 
structure is enclosed with stainless steel 
panels secured by quick opening fas- 


Rake making 45° radial drop to discharge teners to permit easy inspection and 
screenings into trough—Note shear pin hub access. 

with tool steel shaft and hub inserts for 

perfect shear action. 


Send for 


TECHNICAL AMERICAN WELL Works 


SUPPLEMENT IN OUR 85TH YEAR Sewage Treatment, and 


“MS” 110 North Equipment 
AURORA, ILLINOIS RESEARCH ENGINEERING - MANUFACTURING 
Offices Chicago + New York + Clevelond + Cincinnati Kamos City + Soles Representatives throughout the World 
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again MARLOW gets the j 


ob...* 


Receiving and Thickening Building, Southeast Sewage 
Treatment Plant, San Francisco, Calif. Shown ore 
three MARLOW (HPE1163) Plunger Sludge Pumps 


Filtration and Elutridtion Building, South- 
east Sewoge Treatment Plant, Son Fran- 
cisco, Calif. 


_,.23 MARLOW Plunger Sludge Pumps installed! 


for re-circulation, draw-off and transfer of sludge 


ONCE MORE—MARLOW Pumps are relied on for continuous, 
dependable performance . . . and the list of municipal installations continues to grow. 
Already over 400 municipalities—across the country—have installed 
Marlows because they are efficient, reliable and durable. They give that extra 
“plus” when performance counts. Marlow Plunger Sludge Pumps are the direct result of many 
years of ‘on the job’ research and development . . . they have set the 
pace for advanced pump engineering to meet job specifications. 


At the Southeast Sewage Treatment Plant, Marlows do a complete job: 


... for re-circulating sludge in digesters and transfer of sludge between digesters. 
... for draw-off of sludge from digesters at a steady rate. 7” 

... for transfer of processed sludge from one elutriation tank to another. 

... for transfer from final elutriation tank to vacuum filters. 

... for transfer of raw sludge from thickening tanks to holding tanks or digesters. 
... for re-circulation of raw sludge in holding tanks or between holding tanks and 
receiving and thickening tanks. 


MARLOW PLUNGER SLUDGE PUMPS are available with single, double, triple 
and quadruple plungers. 360 to 30,000 GPH standard displacement. 

Remember... for heavy sluggish pumping of any kind MARLOW does the job better 

because it is designed better. MARLOW means — good pumping. 


Write today for details. Let a MARLOW Sales Engineer give you the facts, 
figures and specifications on the complete MARLOW Pump line. 


: 
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SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 


— Ask For Bulletin 62 


BAILEY METER COMPANY 
1066 IVANHOE ROAD + CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES + DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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2. gelt-Cleaning 
4. Easy Install 
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5. paiustable Capacity 
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7. Totalizes Multiple Flows 
8. simple Chemical Feed Control 
g. Rate of Flow and Ratio Control 
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ALONG THE 


Here’s Why! 


2. Modern treatment plants, regardless of size or type of process, 
require a multiplicity of arrangements and units. 


2, The complete Rex line provides a broad selection of equipment 
that will best fit your requirements. 


3, Selection of the right equipment is extremely important. The 
finest equipment in the world-will not perform efficiently and 
economically if it is improperly applied. 


Rex Sanitation Engineers are well qualified by years of training 
and experience to help you select the equipment which will best 
fit into your plans. Call them in when your job is still in the 
planning stage. You'll find it pays off in greater plant efficiency, 
improved performance, lower operating and maintenance costs. 
Chain Belt Co., 4606 W. Greenfield Ave., Milwaukee 1, Wis, 


Chain Belt company 


CHAIN OF MILWAUKEE 


Atlanta Baltimore Birmingham Boston Buffalo Chicago 

Cincinnati ¢ Cleveland Dallas * Denver Detroit El Paso 

Houston ® Indianapolis * Jacksonville * Kansas City © Los Angeles 

Louisville ¢ Midland, Texas ¢ Milwaukee * Minneapolis * New York 

Philadelphia ¢ Pittsburgh © Portland, Oregon © Springfield, Mass. 

St. Louis ¢ Salt Lake City ¢ San Francisco * Seattle ¢ Tulsa © Worcester 
Export Offices: Milwaukee and 19 Rector Street, New York City 
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Over 50,000 newcomers to boom- 
ing Evansville, Ind., get perma- 
nent sewerage facilities as more 
than 37 miles of Vitrified Clay 
Pipe are installed under a bond- 
financed program that includes 
the city’s first sewage treatment 
plant. 


“Urban Health Insurance’—that's what Evans- 
ville, Ind., newspapers call the $5,000,000 Clay 
Pipe sewerage project that will serve the new 
homes, schools, and hospitals within the 
expanding city limits. Defense industries have 
drawn more than 50,000 people into Evansville 
in recent years. The 200,000-foot Vitrified Clay 
Pipe installation provides them with permanent 
sewerage protection. 


Clay Pipe is first choice of city engineers and 
building contractors all over the country, be- 
cause it's guaranteed for 50 years. Clay Pipe 
can't be corroded or weakened by strong deter- 
gents, corrosive fluids, sewage gases, or electro- 
lytic soils. It never “ovals” or squashes out. And 
it meets the needs of the future . . . can’t be 
affected by wastes from home garbage disposal 
units or new industries. Whenever you specify, 
buy, or install sewer pipe, be sure it’s Vitrified 
Clay — the pipe that never wears out! 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1520 18th St. N. W., Washington 6, D. C. 
206 Connally Bldg., Atlanta 3, Ga. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill 
703 Ninth & Hill Bldg. Los Angeles 15, Calif 
311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 
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In late 1950, two Spiral Heat 
Interested Exchangers, each with a rated capacity 
in of 200,000 BTU /hr., were installed at 
the Ley Creek Sewage Treatment Plant, 


SIMPLIFIED Syracuse, N. Y. 


Reports direct from the Superintendent 

Sludge of the plant conclusively state that the 

y units have operated successfully since 
Digester initial start-up in January 1951 . . 


° that there has been no plugging in the 
Heating? Exchangers . . . and that they have done 
a very good job of heating the digesters, 
as shown by the data below. 


At the Ley Creek Sew- 
age Treatment Plant, 
Syracuse, N. Y., sep- 
arate sludge digestion is 
carried out in a Dorr 
Multdigestion System 
with two Primaries and 
one Secondary. Each 
Primary is heated by a 
Spiral Heat Exchanger 
utilizing cooling water 
from a gas engine as the 
heat source. Operating 
data — for a twelve 
months period — is sum- 
marized below: 


Number of units: 2; Rated ca- hang 
pacity unit-200,000 BTU/hr. The Spiral Heat Exchanger, °°" 
Avg. heat transfer —E zchan er marketed exclusively by The Dorr Company 

—223,000 BTU in the sanitary engineering field, is a simple, com- 
Avg. heat aie -Exchanger pact, highly efficient method of heating sewage di- 

#2—261,000 BTU F fi h 
> oa. gesters. For further information, including design 

Maximum tries 000 BTU br. Capacities and sample specifications, write for Bul- 


Minimum transfer recorded— letin No. 6281, The Dorr Company, Stamford, 
91,000 BTU/hr. Connecticut. 


Multdigestion is a trademark of The Dorr Company, Reg. U. S. Pat. Off. 


Batter Toots TODAY ts Tomorrows demand 


THE DORR COMPANY ENGINEERS STAMFORD, CONN. 


Offices, Associated Companies or Representatives in principal cities of the world 
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General View of the Dorr Multdigestion System at Ley Creek. 
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Sewage Works 


The sudden growth of chemical pro- 
duction during the past 30 years has 
not taken place without the products 
and by-products becoming factors in 
waste disposal. Many clever new 
methods have been put into operation 
for the processing of these new indus- 
trial wastes; and to the extent that the 
new chemicals enter the home, there 
has been speculation as to whether they 
might become a factor in the proces- 
sing of household wastes. 

The most abundant and most useful 
products of chemical research are the 
**synthetics,’’ which replace or surpass 
the gifts of nature. There are, for ex- 
ample, synthetie resins, synthetic rub- 
bers, synthetic dyes, and synthetic 
drugs. The newest addition to the list 
is the synthetic detergent, introduced 
into this country in 1932. Figure 1 
shows that the production has increased 
rather steadily to an annual sales vol- 
ume of 1,500,000,000 Ib. No synthetie 
organic chemical has enjoyed such a 
rapid growth in so short a period sub- 
sequent to its initial introduction, and 
forecasters promise a continuing ex- 
pansion of detergent use. 

It so happens that among all the 
‘‘svntheties,’’ those interested in waste 
disposal have been most interested in 
the synthetic detergent. It is used in 
large quantities, it is all water soluble, 
and almost every pound of it ultimately 
finds its way into the sewer. 


* Presented at 25th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; New York, N. Y.; October 6-9, 1952. 


DETERGENT COMPOUNDS—THEIR COMPOSITION 
AND BEHAVIOR * 


By LAWRENCE AND LESTER F. 


245 


Director and Manager of Detergent Application Research, respectively, New Products Division, 
Allied Chemical & Dye Corp., New York, N. Y. 


The synthetic detergent has not re- 
placed soap. As much fatty soap as 
ever reaches the disposal plant, but in 
addition to this there is the waste from 
the use of 1,500,000,000 Ib. of detergent. 
Figure 2 shows the production of syn- 
thetic detergents in relation to the 
consumption of fats and oils by the 
soap industry. The figures for fats 
and oils are taken as the best repre- 
sentation of the soap as it is encoun- 
tered at the disposal plant. Since 
laundry soaps have soluble alkaline 
salts as builders, the reported figures 
for soap production would run 50 per 
cent higher than the figures as shown. 
The comparison shows that the up- 
surge of the synthetic detergent pro- 
duction has not greatly affected the 
pure soap production. 

The marked advance to a_ higher 
standard of cleanliness has been made 
possible by improved soaps and deter- 
gents, which make the housework 
easier, and their increased use in home 
and industry. 


Many Surface-Active Agents 


This paper discusses the chemical 
composition of these new detergents 
and their physical properties, particu- 
larly as these characteristics relate to 
the operation of wastes disposal. 

The synthetic detergents with which 
the members of the Federation are 
primarily concerned are the household 
detergents, which constitute over 80 
per cent of the detergent used. House- 
hold detergents are made up of a mix- 
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FIGURE 1.—Synthetic detergent production in the United States. 
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FIGURE 2.—Comparison of production of synthetic detergents and primary fats in soap. 
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ture of at least three, and sometimes 
as many as ten individual components, 
each one of which plays a very specific 
part in the washing process. The one 
essential ingredient common to all of 
the so-called ‘‘detergents’’ is the sur- 
face-active agent, often referred to in 
analyses as the ‘‘pure organic deter- 
gent.’’ There are available commer- 
cially literally thousands of these sur- 
face-active agents of every shape and 
description, representing practically all 
classes of chemical compounds. The 
recently published ‘‘Encyclopedia of 
Surface-Active Agents’’ (1) catalogs 
more than 2,500 commercial brands. 


Few Types Involved in 
Sewage Treatment 


Those concerned with waste disposal 
problems need not be confounded by 
the ponderous lists of surface-active 
agents, because one does not need the 
fingers of one hand to count those used 
in a sufficiently large quantity to be 
of any possible interest as far as their 
presence in wastes is concerned. These 
few important products are all organic 
chemicals characterized by long hydro- 
carbon chains, and they have either 
sulfonate or sulfate groups, derived 
from sulfuric acid, which give the 
fatty hydrocarbon groups solubility or 
dispersability in water. 

These compounds might be regarded 
as sodium sulfate, common in all sew- 
age, where a small part of the mole- 
cule has been replaced by a large 
hydrocarbon group. These are the 
anionic detergents, so-called because 
the effective hydrocarbon group is in 
the anion. 

There are also cationic detergents 
and nonionie detergents. The cationic 
detergents might be regarded as an 
ammonium chloride, in which at least 
one hydrogen is replaced by the char- 
acteristic fatty hydrocarbon group. 
They are present in sewage in in- 
significant amounts and are without 
effect because they form a completely 
inactive and insoluble combination 
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with the much more prevalent anionic 
detergents. 

The third class is the nonionic de- 
tergents, in which the fatty hydro- 
carbon group is attached to a sugar- 
like radical, which provides the water 
dispersability. These amount to about 
3 per cent by weight of the total de- 
tergent used. Since the quantity is 
so small, they are not a source of con- 
cern in the ordinary waste disposal 
system. 

The anionic detergents—that is, the 
organic sulfates and sulfonates—are 
the only detergents used in sufficient 
quantities to be of interest to wastes 
treatment personnel. The ordinary 
household package of anionic detergent 
contains a mixture with about 30 to 
35 per cent of pure organic detergent. 
On this basis, it is evident that there 
would be 400,000,000 to 500,000,000 
Ib. of pure organic detergent going 
into the sewers. This provides about 
1 to 15 p.p.m. in the sewage reaching 
the disposal plant, depending on the 
locality, the day, the time of day, and 
the flow of water. Three to 15 p.p.m. 
have actually been found in raw sew- 
age by analysis using a modification 
of the method of Barr, Oliver, and 
Stubbings (2). 

The other principal constituents in 
the packaged household detergents in- 
clude such things as sodium tripoly- 
phosphate, tetrasodium pyrophosphate, 
sodium sulfate, common salt, other 
alkaline builders, small amounts of or- 
ganic builders, and fluorescent dyes. 
Sodium tripolyphosphate and _tetra- 
sodium pyrophosphate have undergone 
a tremendous development during the 
past 10 years, some 600,000,000 Ib. of 
the former and 175,000,000 lb. of the 
latter being manufactured in 1951. 
These products are added to soap or 
to detergents and practically all of 
both products ultimately find their 
way into the sewer. Salt and sodium 
sulfate are common to all sewage. The 
organic builders and fluorescent dyes 
are present in very small amounts at 
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present, probably without any effect 
on waste disposal. 


Comparison with Soap 


Those concerned with waste disposal 
will be interested in the behavior of 
the detergent in comparison with soap 
and in the properties of the detergents, 
which determine what form they are 
in when they reach the disposal plant. 
Soap is an anionic active agent, but 
it is such a weak salt that in dilute 
solution and in acid solution it breaks 
down to give the fatty acid. It is also 
precipitated by lime salts, which are 
inevitably present in water. Because 
of these factors, soap reaches the sew- 
age disposal plant in quite a different 
form than the familiar soda soap used 
in the household. In contrast to this, 
the principal detergents encountered in 
sewage are salts of strong acids, which 
do not break down in weak solutions. 
The detergent acids, in contradistine- 
tion to the fatty acids in soap, are 
water soluble, and unlike soap, the de- 
tergents do not form insoluble lime 
salts. They do form insoluble salts 
with the cationic detergents, but, as 
previously pointed out, there is very 
little cationic detergent available. 


Mechanics of Adsorption 


The detergents used in the household 
seemingly dissolve in water like any 
salt. At extremely low concentrations 
they form true solutions. In the pres- 
ence of salt and in useful amounts, the 
detergent molecules gather together in 
groups of 50 to 100 to form fairly 
well-defined aggregates, called ‘‘mi- 
celles.’’ These micelles generally carry 
a charge, and for this reason are known 
as ‘‘colloidal ions.’’ Deterging, or 
washing, depends on this micelle forma- 
tion. When oils or dirt are present, 
minute amounts are taken into the 
inside of the micelle and so are sus- 
pended in solution. 


The micelles associate themselves 


with surfaces of all kinds and in well- 
defined amounts. 


This is the property 
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which gives them the name of ‘‘surface- 
active agent.’’ The detergent mole- 
cules are then oriented so that the oil- 
soluble part of the molecule is attached 
to the water-insoluble material and 
the acid or salt part of the molecule 
is directed toward the water. This 
property of coating the surface is re- 
ferred to as ‘‘adsorption.’’ Adsorp- 
tion removes detergent from solution, 
and since this adsorbed layer changes 
the surface which any water-insoluble 
material presents to the water, it com- 
pletely changes the properties of that 
material. For instance, if a solid prod- 
uct tends to resist water, as soon as it 
becomes coated with a layer of mole- 
cules extending arms which grasp the 
water, it becomes wettable. The sur- 
face-active agents are, in fact, often 
referred to as ‘‘wetting agents.’’ 

The property of adsorption is not 
limited to liquids and solids. It is 
also effective with gases, and so the or- 
ganic detergent may make possible the 
dispersion of a gas or air in water 
to give the characteristic ‘‘foaming’’ 
or ‘‘sudsing,’’ provided that it is pres- 
ent in sufficient quantities. 

The detergents do not have unlimited 
power. In the washing process (as, 
for example, in dishwashing), the com- 
mon detergents suds profusely at the 
start, but as the washing proceeds the 
detergent is withdrawn from solution 
by the surfaces, such as food particles 
and fats. As the amount of dirt and 
oil the detergent 
overloaded and _ ineffective, 
time the suds disappear. 


bece ymmes 
at which 


increases, 


Factors Governing Adsorption 


The amount of detergent adsorbed 
can be influenced. While all solid, 
gaseous, and liquid products which are 
insoluble in water tend to gather the 
detergent, the amount they gather 
changes significantly, depending on the 
amount of surface, its nature, the tem- 
perature, the detergent concentration, 
and the acidity or alkalinity of the 
solution. The amount adsorbed by any 
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surface is roughly proportional to the 
amount of surface. 

Figure 3 shows how the amount of 
detergent adsorbed is affected by the 
concentration, in the case where cotton 
provides the surface. The values given 
in milligrams of pure organic deter- 
gent of the alkyl aryl sulfonate type, 
show the amount adsorbed from 100 
ml. of solution by a small 5-g. piece of 
cotton cloth in 15 min. The values 
shown in Figure 3 are the values en- 
countered in the relatively high con- 
centrations required for washing, 
rather than in the very low concentra- 
tions encountered in sewage. It should 
be noted that while the amount of 
detergent adsorbed increases rapidly 
with increasing concentration, it is also 
true that a higher proportion of ma- 
terial actually in solution is adsorbed 
at the lower concentrations than at the 
higher concentration. Thus, at the 
washing concentration of 200 mg. per 


100 ml. (2,000 p.p.m.), 16 mg., or 
roughly 8 per cent, is adsorbed; 
whereas at a concentration of 300 
p.p.m., 25 per cent of the detergent 
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is adsorbed by the same limited amount 
of surface. 

Protein material is particularly ef- 
fective for the adsorption of the ani- 
onic detergents. At the usual washing 
concentration, wool will remove 75 per 
cent of the alkyl aryl sulfonate type of 
detergent from 20 times its weight of 
neutral solution and 97 per cent of the 
same detergent from 5 times its weight 
of solution. 

The amount of adsorption is greatly 
increased by lowering the pH. Figure 
4, showing the adsorption by a small 
5-g. piece of cotton cloth from 100 ml. 
of solution, indicates that the adsorp- 
tion is substantially doubled (from 10 
to 20 mg.) by reducing the pH from 
7 to 4. This kind of increase takes 
place whether the adsorbing medium is 
cotton, as in this case, wool, glass, or 
other type of material. 


Adsorption Removes Most of the 
Detergent from Sewage 


It is evident from these properties 
that much of the detergent in raw 
must be adsorbed, and that 


sewage 


NACCONOL ADSORBED FROM SOLUTION - mg. Organic Sulfonate 


NACCONOL REMAINING IN SOLUTION - mg Orgonic Sulfonote 
FIGURE 3.—Effect of detergent concentration on adsorption of Nacconol NR by cotton. 
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much of it must settle out with other 
solid matter. Preliminary attempts 
have been made to determine how much 
of the anionic detergent present is 
adsorbed. Much of the solid matter 
in sewage may be settled or filtered, 
and the detergent removed by that 
solid can be measured. It is more 
difficult to measure the detergent ad- 
sorbed by particles dispersed to the 
point where they pass through filters 
or remain suspended. About 30 to 50 
per cent of the detergent in sewage 
may be removed with the solids, and it 
is probable that most of what remains 
is adsorbed by suspended solid matter. 
Adsorption has been recognized as a 
simple method for the removal of the 
active detergent from solutions. 


Detergents Wash Bacteria into 
the Sewer 


Operators of sewage disposal sys- 
tems have been concerned with the ef- 
fect of detergents on bacteria. This 
results in part from a very confused 
naming of products. The cationic de- 
tergents are powerful germicides, but 


HYDROGEN ION CONCENTRATION - pH 
FIGURE 4.—Effect of pH on adsorption of Nacconol NR by cotton. 


because of the high cost and other 
factors, they have found no favor as 
washing agents. As a matter of fact, 
they are not used at concentrations re- 
quired for washing, but in extremely 
low concentrations as antiseptics. In 
spite of this, they are still referred to 
as ‘‘detergents.’’ A number of these 
so-called cationic ‘‘detergents’’ are 
used for rinsing glassware in restau- 
rants, where germicides are required 
by public health regulations. There is 
no possibility of their being a factor 
in destroying bacteria necessary for 
waste disposal. In the first place, they 
are used in very small quantities. In 
the second place, the small amounts 
present are quantitatively precipitated 
from solution by the anionic detergents. 

It is an established fact that the 
anionic detergents, which are commonly 
used, give much cleaner dishes from 
a biological standpoint. In fact, com- 
mon washing operations with anionic 
detergents in the restaurant and in the 
dairy give almost sterile surfaces. 
Nevertheless, the spent dishwater has 
been shown to contain substantial num- 
bers of bacteria (Table I). 
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TABLE I.—Residual Bacteria on Dinner 
Plates' and in Wash Water’? after 
Restaurant Hand Dishwashing’ 


Wash Water 
Test 
Point 


Alk.* 


Start 
Middle 45 
End 33 


4,000 
6,500 
12,250 


455 
1,025 
1,600 


1 Ten square inches. 

? Per milliliter. 

* Bacteria on exposed sterile plate control, 3. 

‘Sodium sesquicarbonate, 1.0 per cent solu- 
tion. 

5 Mixture of sodium sesquicarbonate 80 parts, 
with Nacconol NR (anionic detergent of the 
alkyl aryl sulfonate type) 20 parts, 0.7 per cent 
solution. 


Spent wash water from the house- 
hold is diluted by other types of waste 
containing solids, which adsorb the 
anionic detergents from solution. In 
actual practice, the concentration of 
anionic detergents in household waste 
is reduced to the point where septic 
tanks function normally, as do many 
waste disposal plants. There are no 
well-established data to prove that the 
surface-active agents, as actually en- 
countered in sewage, have been the 
cause of those difficulties in waste dis- 
posal which have been attributed to 
loss of bacteria. 


Sudsing Action is Limited 


When the detergents are suspected 
of being the cause of frothing in sew- 
age disposal plants, the first reaction 
of the research chemist who makes de- 
tergents is: ‘‘I can’t make detergents 
that will suds any longer than the 
housewife uses them.”’ 

The housewife uses these soaps and 
detergents until their washing action 
is substantially exhausted. Suds are 
important to her as an indication that 
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she has active detergent. As the ca- 
pacity of the detergent for removing 
soil is approached, very little sudsing 
action is left; with the addition of 
more soil, the suds disappear alto- 
gether. Suds are the housewife’s 
measuring stick, and she uses it to 
avoid any wasteful use of either soap 
or detergent. When better detergents 
are made, the housewife will use less. 

There is no established proof that 
sudsing, or in fact any other problem 
of the ordinary sewage treatment sys- 
tem, has been caused by anionic de- 
tergent. There have been a very few 
isolated instances of difficulties where 
some specific circumstance introduced 
excessive amounts of detergent into 
small local sewers, but the circum- 
stances were so unusual that they are 
without general significance. 

Although the commercial use of de- 
tergents is now 20 years old, they are 
still a much talked about washing ma- 
terial. For this reason, there has been 
a tendency to attribute any problem 
which might arise to the detergents, 
rather than to other less publicized 
factors affecting waste disposal. De- 
tergent chemists are open-minded in 
these matters and alert to any diffi- 
eulties which might be caused by any 
of the ingredients of the modern house- 
hold washing material. If such diffi- 
culties do exist, the chemists of the 
detergent industry can be depended 
on to do their part in assisting those 
concerned with wastes treatment to 
solve them. 
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The interesting and stimulating pa- 
per by Messrs. Flett and Hoyt shows 
the extraordinary increase in produc- 
tion of detergents from a few million 
pounds 10 to 12 years ago, to some 
1,500,000,000 Ib. sold at present. This 
enormous quantity of detergents 
eventually reaches the sewer, but, 
amazingly, about 1,200,000,000 Ib. 
are used in homes. This means, in 
effect, that the use of detergents is 
widespread and that few, if any, sew- 
age treatment plants will be without 
them. 

Of the three groups of detergents— 
anionic, nonionic, and ecationie—the 
first (anionic) is the most important 
because of the wide distribution, the 
large quantities sold, and the effects 
on sewage treatment processes. 

The nonionic agents, representing 
only 3 per cent of the total sold, may 
be disregarded, except in cases where 
certain industrial wastes are received. 
Slugs of these detergents may produce 
a local problem. In general, the au- 
thors are correct that these agents 
‘fare not of concern in the ordinary 
waste disposal system.’’ 

The cationie agents are ordinarily 
also of little concern because of the 
relatively small quantities sold, their 
specific use, and their ability to com- 
bine with anionie detergents. Since 
they are used for specific purposes 
(for sanitizing, in restaurants, hos- 
pitals, ete.), they are more or less gen- 
erally distributed. Their ability to 
combine with anionie detergents re- 
duces the effect of the latter. Promo- 
tion of larger sales of eationie deter- 
gents may be in order. 


Phosphates 
The anionie detergents sold for 
household purposes are mixed with 
other compounds, primarily phos- 
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phates, sodium sulfate, common salts, 
and alkaline substances. The greatly 
increased production of phosphates, 
amounting to 775,000,000 Ib. in 1951, 
coincides with the increase in produc- 
tion of detergents. From the stand- 
point of sewage treatment these figures 
have great interest. <A series of papers 
(1) (2) (3) (4) in 1947 dealt with the 
effect of phosphates on sewage settling, 
chemical coagulation, activated sludge, 
digestion, and sludge dewatering. Raw 
sewage contains from 4.0 to 9.2 p.p.m. 
of phosphate, with an average of 5.2 
p.p.m. expressed as P.O,. This cor- 
responds to a daily production of about 
2.5 g. per capita. If it be assumed that 
detergents are uniformly distributed, 
so that each family uses the same 
amount of detergents and equal quanti- 
ties every day of the year, the 
amounts of sodium tripolyphosphate 
(260,000,000 Ib. P,O,) and tetrasodium 
pyrophosphate (93,500,000 Ib. P,O,;), 
expressed as p.p.m. P,O,, would be 
about 2.93 g. per capita per day. Obvi- 
ously, the assumptions are not correct, 
because not everybody uses the same 
amounts, nor consistently the same 
quantities every day. However, the 
2.9 g. per capita per day would consti- 
tute the minimum average amount 
found in sewage. 

Studies on the effect of phosphates 
in sewage treatment processes indicate 
that 50 to 70 per cent are removed 
during settling and 80 to 90 per cent 
in the activated sludge process. The 
phosphates do not affect the rate or 
degree of settling, but produce a con- 
siderably larger volume of sludge. In- 
ereased volumes of sludge are particu- 
larly noticeable with activated sludge. 

When sewage is treated by chemical 
coagulation the presence of phosphates 
increases the required amounts of iron 
coagulants. Since most of the phos- 
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phates are removed by settling, they 
are transferred to the digesters. Phos- 
phates cause a reduction in volatile 
matter destruction and retardation in 
decomposition and gasification. Even 
with only 25 per cent more phosphate 
than normally present in sewage, di- 
gestion is retarded and greater diges- 
tion capacities are required. 

Phosphates are one of the chief con- 
trolling factors in sludge dewatering. 
The filtration time is increased, the 
sludge volumes are larger, and the 
filtration liquid is poorer when the 
amounts of phosphates are greater than 
normally present. 

These statements of findings bring 
up the question whether the phosphates 
present in the packaged products sold 
are partly responsible for the difficul- 
ties encountered, rather than the or- 
gvanic detergents. 


Digestion 


Returning to the discussion on de- 
tergents as such, the authors explain 
that the detergents found in sewage 
form fairly well-defined aggregates or 
micelles and that deterging or wash- 
ing depends upon this micelle forma- 
tion. ‘*‘When oil or dirt is present, 
minute amounts are taken into the 
inside of the micelle and so are sus- 
pended in solution.’’ These particles 
are extremely small, settle only slowly, 
and are the reason why part of these 
finely divided particles pass through 
settling units and increase the load 
on trickling filters. However, it is ex- 
tremely doubtful that the micelles 
formed in rather concentrated solu- 
tions during laundering, dishwashing, 
ete., remain when diluted in sewage. 
There is something like processes of 
desorption and breaking down of the 
fragile micelles. Desorption and break- 
down of micelles are of some conse- 
quence, and perhaps of decided ad- 
vantage in sewage treatment, as shown 
later. 

Detergents are good wetting agents. 
This should aid in removal of oily and 
other floating materials. Hence, in 
practice, the use of detergents should 
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cause less scum on clarifiers and pos- 
sibly less scum formation in digesters. 

The authors state that 400,000,000 to 
500,000,000 lb. of pure anionic deter- 
gent goes into the sewer. Suppose 
their statement is correct, that ‘‘ad- 
sorption removes most of the detergents 
from sewage’’; or, to be more specific, 
that actually 50 per cent of the de- 
tergent in sewage is removed with the 
solids. What does that mean in prac- 
tice? 

If, again, it is assumed that the 
anionic detergents are uniformly sold 
and used in the same quantities every 
day, the average daily use of this or- 
ganie detergent would amount to 3.3 
to 4.0 g. per capita. However, only 
half of the detergents would be re- 
moved from the sewage, or 1.65 to 2 
g. per capita per day. 

Suspended solids production amounts 
to about 0.2 lb. per capita per day. 
With a removal of 70 per cent by set- 
tling, the sludge produced amounts to 
about 63 g. per day. Hence, with 
half of the detergents left in the liquid 
portion passing through the settling 
tank, the minimum amount of deter- 
gent present in the dry settled solids 
would be 2.6 to 3.2 per cent on a dry 
solids basis. 

Putting it differently, the authors 
state that, by actual determination, 1 
to 15 p.p.m. detergent has been found 
in raw sewage, or 8.3 to 124 lb. per 
m.g., or the equivalent of 0.37 to 5.6 
g. per capita. Since only half of the 
detergent would find its way into the 
sludge, the quantities in the sludge 
would be between 0.2 and 2.8 g. per 
capita, or 0.3 to 4.4 per cent on a dry 
solids basis. The average of the two 
values would be 2.3 per cent. It is 
obviously difficult to determine exactly 
the quantities of detergent in sewage, 
but the average amount approaches the 
values given for the total sales of 
anionic detergents. 

Where do all these data lead to? 
Carefully controlled experiments have 
shown that 0.2 per cent of anionic 
detergents on a dry solids basis present 
during digestion has no effect; that 
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with 1 per cent there is some retarda- 
tion, but no material effect; but when 
the percentage of detergent becomes 
higher, the effects become serious. 

If the implication by the authors 
were correct, that no desorption and 
no dispersal of the adsorbed detergent 
took place, and none of the detergent 
left the digesters with the supernatant 
liquor, most digesters would be in a 
poor condition, because with a daily 
addition of 60 lb. to a digester han- 
dling the sludge produced from 1 m.g., 
the detergent accumulation in the di- 
gester during a 30-day digestion period 
would amount to 1,800 lb. of detergent. 


Bacteria 


The authors state that there is ‘‘no 
possibility’’ of cationic detergents ‘‘be- 
ing a factor in destroying bacteria 
necessary for waste disposal,’’ and that 
anionic detergents have ‘‘no demon- 
strated effect on the bacteria,’’ because 
dishwater still contains bacteria and 
this water is further diluted in the 
sewer by other types of wastes. 

Those concerned with sewage treat- 
ment are not much interested in most 
of the types and numbers of bacteria 
present in raw sewage. They are, how- 
ever, much interested in those groups 
of well-established organisms in the 
purification and gasification processes, 
particularly nitrifying bacteria, slime- 
producers, and methane-producing or- 
ganisms. The effect of different types 
of detergents on sewage microorgan- 
isms is discussed by Manganelli and 
Crosby (5, see page 262). Consider- 
able doubt exists as to the wisdom of 
making a sweeping statement that there 
is no possibility of detergents affecting 
the activities of bacteria necessary for 
waste disposal. 


Frothing 

The authors are at pains to explain 
that the housewife uses soaps and de- 
tergents until the washing action is 
substantially exhausted, as measured 
by the disappearance of ‘‘suds.’’ They 
state further that ‘‘it is true that no- 
body has been able to prove that suds- 
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ing, or in fact any other problem of 
the sewage disposal systems, has been 
caused by anionic detergent, except in 
a very few isolated instances where 
some specific circumstance introduced 
large amounts of active detergents into 
small local sewer systems.’’ It is prob- 
ably true that nobody has been able 
to trace frothing at sewage plants di- 
rectly to detergents, but there seems to 
be considerable circumstantial evidence 
that frothing is more pronounced since 
the advent of increased detergent sales. 

Manufacturers, users, and sewage 
works operators are all interested in 
detergents. Manufacturers want to 
sell them, housewives like to use them, 
and sewage plant operators must take 
them as they come. There is little use 
in blaming detergents for all difficulties 
at sewage plants; likewise, brushing 
aside any possible effect leads no- 
where. It is gratifying to the writer 
that industry, investigators, and plant 
operators want to know the facts, col- 
laborate to secure the facts, and may 
even conduct cooperative research, pool 
information, or at least have a frank 
interchange of opinions. As soon as 
the difficulties to be encountered are 
known, methods will be devised to over- 
come them. 
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For some time there has been con- 
cern and speculation in some quarters 
of the sewage treatment field about 
possible effects synthetic detergents 
might have on sewage treatment. The 
most frequent speculation about prob- 
lems they might cause has concerned 
the question of frothing of aeration 
tanks in the activated sludge process. 
This is a natural association, because 
suds are more commonly associated 
with washing products than with prac- 
tically anything else—including beer. 
In some quarters this speculation on 
possible relationship between frothing 
and detergents has taken on the repu- 
tation of a fact, so often has it been 
repeated. 

It seemed desirable to establish 
whether there might be any direct rela- 
tionship between frothing and _ in- 
creased use of detergents. Since it 
seemed inconceivable that such high 
dilutions of detergents as those found 
in domestic sewage could make suds 
in such dirty water, an obvious start- 
ing point was to try to create froth 
deliberately in the activated sludge 
process by adding detergents in 
amounts well above what might ever 
find its way into sewage, even with 
a greatly increased use of synthetics. 


Early Tests at San Antonio 


Some full-scale tests were made co- 
operatively with the San Antonio, Tex., 
sewage treatment plant. It would be 
superfluous to describe that work in 
detail here, as it has already been pub- 
lished and all the details are available 
(1). However, it formed the back- 
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ground for additional work done since 
that time, and a brief review may be 
helpful. 

Wells (1) had found that he could 
create froth at will by reducing the 
recycled solids in the aeration tanks. 
He also found that he could keep froth 
from forming, whether or not detergent 
was added, if mixed liquor solids were 
kept reasonably high—above 1,400 
p.p.m. for his particular conditions. 
Detergent concentrations as high as 
250 p.p.m. were tested at various mixed 
liquor suspended solids concentrations, 
with the same results. The plant is 
well designed to do such testing work, 
as it has seven parallel aeration tanks, 
each of which can be individually con- 
trolled. In the work reported, one 
tank was used for test purposes, the 
other six acting as the control. The 
detergent concentrations reported were 
in addition to the detergent normally 
present in the sewage. 

It should be emphasized that it was 
not possible to make the aeration tanks 
froth by adding synthetic detergent. 
It was easy to make them froth by 
reducing solids level without adding 
detergent. In fact, even at marginal 
levels for the San Antonio plant—that 
is, levels where froth frequently starts 
to form because of low solids condi- 
tions—it was impossible to make the 
frothing any worse by the addition of 
synthetic detergent. 

The outcome of these tests is in line 
with general experience in the deter- 
gent field, which has always been that 
it is impossible to make suds with such 
dilute solutions of the ordinary house- 
hold synthetic detergents in such dirty 
water. However, the tests had been 
carried out only under conditions pre- 
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vailing at one plant, and it seemed 
worth while to repeat these tests on an- 
other type of equipment to see if the 
same principles held for other condi- 
tions. There are many relatively small 
mechanically-aerated activated sludge 
plants in the country, so it was de- 
cided to try some tests on one of those. 


Plant Tests on Mechanical Aeration 


A mechanically-aerated activated 
sludge plant located at Bryan, Ohio, 
seemed to be about what was needed 
for the tests. Moreover, Superintend- 
ent Phillips was very much interested 
in expanding the existing knowledge of 
the subject. Accordingly, plans were 
laid for some tests. 

Having had the San Antonio experi- 
ence, it was decided that the necessary 
information could be obtained by add- 
ing synthetic detergent at the rate of 
100 p.p.m. based on the incoming pri- 
mary effluent. This, of course, was in 
addition to the synthetic normally in 
the sewage. Probable concentrations 
of synthetic detergent in sewage were 
computed by Wells (1). These compu- 
tations add up to an average concentra- 
tion of soaps and synthetic detergents 
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together of slightly over 50 p.p.m. (of 
the finished products as sold) in sew- 
age. Probably at present a little less 
than half of this is synthetic detergent, 
so that a 100-p.p.m. concentration over 
and above that normally in the sewage 
represents an adequate excess over 
what should ever be found from nor- 
mal use. By picking Monday, wash- 
day, for the test, it was obvious that 
with the extra added detergent there 
should be far more total synthetic pres- 
ent than any treatment plant would 
ever be likely to see from domestic sew- 
age. The addition started before noon 
on Monday and continued for 6 hr., 
so that the addition coincided with 
Monday’s peak washday flow. 

Figure 1 shows a layout of the plant. 
The influent from primary sedimenta- 
tion enters the aeration tanks at point 
A and goes through the six tanks in 
series, as shown by arrows. Then the 
mixed liquor flows to final sedimenta- 
tion before discharge to the creek. 

Figure 2, showing the aeration tanks 
before the addition began, shows that 
there was no froth. This particular 
plant normally operates at about 800 
p.p.m. suspended solids in the mixed 
liquor and seldom has any froth forma- 
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FIGURE 1.—Layout of Bryan, Ohio, sewage treatment plant. 
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FIGURE 2.—Aeration tanks before addition of synthetic detergent. 
Normal operating suspended solids (800 p.p.m.) 


tion except when dairy or cannery 
wastes are heavy. 

Figure 3 shows the same tanks after 
5 hr. of addition of synthetic at the 
rate of 100 p.p.m. based on the rate 
of flow of the influent to the aeration 
tanks. There still is no froth. 

Figure 4 is a close-up view of the 
first tank of the series after 5 hr. of 
addition of synthetic detergent at the 
rate of 100 p.p.m. No froth. 

Figure 5 shows the last tank at about 
the same time. The other four looked 
the same, as they did all through the 
test. As had been the case at San 
Antonio, it was impossible to make the 


aeration tanks froth by adding syn- 
thetic detergent, even in relatively large 
amounts. 

As an additional part of the test, it 
was decided to see if reduced solids 
would cause froth trouble in this plant 
as had been shown to be the case at 
San Antonio. Figure 6 shows the 
effluent sluiceway from the aeration 
tanks under normal operating condi- 
tions. The solids were then dropped to 
around 200 p.p.m., from their normal 
800 p.p.m., with the froth build-up 
shown. There was no synthetic deter- 
gent added. This sluiceway was free 
of froth all during the addition of 


FIGURE 3.—Aeration tanks after 5 hr. of continuous addition of synthetic detergent at 
the rate of 100 p.p.m. 
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FIGURE 4.—First tank of series after 5 hr. of continuous addition of synthetic detergent 
at the rate of 100 p.p.m. 


synthetic detergent, the froth only oc- duction of the solids reacted just as 
curring when the solids were lowered. it had at San Antonio in that it caused 

This work had been undertaken as_ frothing. Also as at San Antonio, the 
a check on the San Antonio tests. Re- froth disappeared when the solids were 


FIGURE 5.—Last tank of series after 5 hr. of continuous addition of synthetic detergent 
at the rate of 100 p.p.m. 
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FIGURE 6.—Effiuent sluiceway under normal operating conditions (left) and with 


reduced aeration tank solids (right). Under neither condition was detergent added to the 


aeration tank influent. 


again raised. The frothing from low- 
ered solids was not as bad as it has 
been there. The symptoms were the 
same, but different in degree. 

There were no apparent effects on 
other aspects of the operation from the 
addition of synthetic detergent, and 
in this respect the experience at Bryan 
was again like that at San Antonio. 


Other Plant Studies 


In the work done to date, the picture 
is quite consistent. It has not been 
possible to make froth on aeration 
tanks by adding relatively large quanti- 
ties of synthetic detergent, whether 
recycled solids were at normal levels 
or at marginal levels with regard to 
frothing. In connection with this prob- 
lem, case histories have also been col- 
lected on 10 plants, most of which were 
having or had encountered frothing 
trouble at one time or another. All 
the plants where it has been possible 
to establish the conditions during pe- 
riods of serious frothing, have also 
been carrying relatively low solids. 
Just as consistently, those which nor- 
mally do not have frothing troubles do 
get into trouble if they carry their 
solids at low levels, where such con- 
ditions have been tried. 

It should be mentioned that this ob- 


servation is not new. Edwards (2) 
and others, too, in conversations, have 
pointed to low solids as causing froth- 
ing conditions for many years. 

There is no pretense at knowing 
what makes froth at low solids. 
Neither is it understood why some 
plants can operate without foam at 
lower solids levels than others. To 
speculate for a moment, it seems quite 
possible that the oxidation products 
formed during low solids operation 
may be different from those formed 
under high solids conditions. A great 
many things can stabilize froth or 
suds. Some proteins, and glucocides 
like the saponins, for instance, form 
the most stable foams in existence. 
The thought that this frothing may be 
caused by some such oxidation prod- 
ucts has some support in the pattern 
which frothing takes when it does 
occur. In the author’s experience, in 
all the instances where froth occurs, 
it does not occur in the earliest stages 
of aeration at the influent end of the 
aeration pass, even though the agita- 
tion and aeration there is more than 
violent enough to form a froth, if the 
froth-making substance existed at that 
point. This is true of all the full-scale 
operations seen, and also has been true 
of a limited number of laboratory-scale 
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aerations made. The unaerated influ- 
ent as it comes into a frothing aeration 
tank from primary sedimentation will 
not foam to amount to anything, even 
under most violent agitation; but after 
it has passed on down the tank and 
has been aerated for 2 or 3 hr., it can 
be made to foam. Detergents and 
other sudsing agents simply do not 
act that way. If they are present in 
sufficient quantities they will suds right 
away—they do not require hours of 
agitation or aeration—and if there is 
not a high enough concentration pres- 
ent to make a stable froth immedi- 
ately, no amount of agitation or aera- 
tion will make one. 

These observations make it appear 
that the froth-making agent is actu- 
ally manufactured right in the tank 
by the oxidation process. This idea 
is not new either. Eckenfelder and 
Hood (3) have pointed out that ‘‘Re- 
search discloses that foaming is prob- 
ably more frequently encountered at 
a stage of oxidative purification rather 
than in the presence of detergents in 
their present concentrations.’’ Of 
course, variations in the composition 


Without the cooperation of Mr. 
Gowdy and the Procter and Gamble 
Company the experimental work at 
the San Antonio plant would have been 
impossible, as the budget simply did 
not allow for the purchase of 2,800 Ib. 
of Tide. Also their ability to extend 
the experimental work to other plants 
has aided materially in the clarification 
of this problem. 

The obvious conclusion to be drawn 
from Mr. Gowdy’s studies is that syn- 
thetic detergents are not responsible 
for froth on aeration tanks. Although 
the writer is not prepared as yet to 
go along 100 per cent with this con- 
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of sewage can be quite great, and 
equipment and available facilities for 
its disposal are quite varied from plant 
to plant. Consequently, no one prob- 
lem or its cure is going to be exactly 
the same for everyone, and each plant 
may require somewhat different meth- 
ods to control particular problems. 
So far, no instance is known where 
solids adjustment has been tried where 
it has not controlled any troublesome 
frothing problem that may have ex- 
isted. To limit the conclusions to the 
facts these studies have shown, it does 
not appear that commonly sold house- 
hold detergents play any important 
part in practical frothing problems en- 
countered in the treatment of sewage 
by the activated sludge process. 


References 


1. Wells, W. N., and Scherer, C. H., ‘‘ Froth 
Formation and Synthetie Detergents.’’ 
THIS JOURNAL, 24, 5, 670 (May, 1952). 

2. Edwards, G. P., ‘£1950 Operators Forum.’’ 
THIS JOURNAL, 23, 5, 679 (May, 1951). 

3. Eckenfelder, W. W., and Hood, J. W., 
‘*Detergents and Foaming in Sewage 
Treatment.’’ Amer. City, 65, 5, 132 
(1950). 


clusion, it is believed that the burden 
of proof now lies with those who take 
the opposite view. 

Why has it been so generally ac- 
cepted that detergents cause froth on 
aeration tanks? 

First, the froth on aeration tanks 
has a very similar appearance to the 
suds obtained by the use of synthetic 
detergents around the household. The 
conclusion of plant operators was that 
this same foam producer was the cause 
of froth in the aerators. 

The second and perhaps more im- 
portant reason hinges on a trend in 
sewage treatment practice coincident 
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with the increased consumption of syn- 
thetic detergents. No one will deny 
that there has been a constant increase 
in the use of detergents since the late 
1930’s and no one will deny that the 
frothing problem has increased since 
the late 1930’s; however, during this 
same period activated sludge plants 
have been operated at lower and lower 
concentrations of solids in the aera- 
tion tanks. Which is to blame: in- 
creased use of detergents or low solids? 
Any person who has operated a con- 
ventional activated sludge plant has 
had the experience of froth formation 
when the plant is first put into opera- 
tion or when a new sludge is being 
developed. Invariably the plant will 
vo through a period of frothing at low 
solids concentrations. Is it any won- 
der that the new high-rate, low-solids 
units froth constantly ? 

What then is responsible for froth 
formation and why does increasing the 
solids in the aeration tanks eliminate 
frothing? These are good uestions, 
for which answers are still being 
sought. As pointed out by Mr. Gowdy, 
there is some evidence to indicate that 
under certain conditions of aeration 
there is formed a material or compound 
which causes frothing. The following 
are a few added observations made at 
the San Antonio plant: 


1. The primary settled sewage flows 
first into an aerated distribution chan- 
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nel before mixing with returned sludge 
and passing into the aeration tanks. 
Frothing has never been noted in this 
distribution channel, although the sew- 
age is vigorously agitated at this point. 

2. When frothing takes place, it oc- 
curs toward the effluent end of the aera- 
tion tanks, indicating that something 
causing frothing is being formed dur- 
ing the first period of aeration. This 
something finally reaches a concentra- 
tion sufficient to cause frothing only . 
after 2 or 3 hr. of aeration. 

3. It has been observed that when 
the solids are lowered in one tank and 
frothing takes place, within 12 to 24 
hr. the other tanks in parallel with 
the frothing tank will begin to show 
signs of froth, even though the solids 
are above the ‘‘safe’’ level. This 
would indicate that a substance is be- 
ing formed in the low solids tank 
which is contaminating the other tanks 
through the returned sludge. 

4. When the aeration tanks are 
frothing vigorously, the material caus- 
ine frothing carries over into the final 
tanks and frothing takes place in the 
effluent channels and even several miles 
down the San Antonio River at a small 
dam in the river. 


Although no quantitative data have 
been obtained to support these observa- 
tions, it is believed that the evidence is 
sufficient to justify further work along 
these lines. 
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Microorganisms and their diverse 
activities play an essential and funda- 
mental role in the field of sewage treat- 
‘ment. A knowledge of their physio- 
logical and biochemical characteristics 
and interrelationships serves in regu- 
lating and directing their activities 
for useful purposes. Anaerobic organ- 
isms are generally utilized in the sta- 
bilization of organic sludges, while 
aerobic fauna and flora are important 
in processes such as trickling filters 
and activated sludge, which cause a 
high degree of removal of pollutional 
and putrescible matter from liquids. 
With the application of this basic 
knowledge, sewage treatment units may 
be operated under optimum conditions 
to promote efficient decomposition of 
complex substances, resulting in rapid 
purification. 

The ubiquitousness of microorgan- 
isms not only enhances the beneficial 
aspects, but also introduces perpetual 
problems, such as slime growths in 
sewers and sewage treatment devices, 
with attendant fouling and corrosion 
of equipment. 

Utilization of biological processes is 
not without difficulties. Any substance 
or environmental factor that retards 
the growth or a particular activity of 
the organism, reduces the efficiency of 
the device for treatment. At the same 
time, an undesirable condition may be 
ameliorated. 

Entering a sewer, and ultimately a 
sewage treatment plant, are a great 
multitude and variety of materials; 
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products of industrial and household 
functions. Some of these materials 
may be stimulatory and others harmful 
to biological life in sewers and treat- 
ment plants. One series of such 
compounds is the synthetic detergents. 
Increasing production and extensive 
usage have drawn the attention of 
many workers to the possible effects of 
these agents on treatment systems and 
processes. 

In a previous paper (1), the prin- 
cipal influences of detergents on sew- 
age oxidation, chemical coagulation, 
sludge digestion and filtration, chlo- 
rination, coliform organisms, and aera- 
tion were examined. The present paper 
deals briefly with two phases of the 
many-faceted problem, as follows: 


1. Evaluation of the effect of de- 
tergents representing the three main 
types on slime growth in sewers. 

2. Effect of these agents on activated 
sludge with respect to (a) repeated 
additions on oxidation of sewage, (b) 
interacted detergents on oxidation of 
sewage, and (c) repeated additions on 
the nitrification capacity of activated 
sludge. 


The surface active agents employed, 
in a range of concentrations expected 
in sewage, were Nacconol N.R. (ani- 
onic), Tween 80 (nonionic), and Ceep- 
ryn (cationic). 


Effect on Slime Growth in Sewers 


A series of laboratory experiments 
was conducted to determine the effect 
of detergents on slime growth in sew- 
ers. The action of the detergents was 
based on the relative increase or de- 
crease in the weight of film attaching 
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TABLE I.—Effect of Detergents on 
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Slime Growth 

Detergent be 
Agent (pone, | | 12days 
Nacconol NR 10 3.7 14.5 
25 3.32 13.2 

50 3.0 12.7 

100 1.5 7.0 

Ceepryn 10 0.5 2.0 
25 0.5 2.2 

50 1.2 3.0 

100 0.7 3.2 

Tween 80 10 3.2 17.2 
25 3.7 16.7 

| 50 1.7 15.5 

Control 0 1.7 11.0 


! As p.p.m. on basis of total package product. 


2 Average weights of 4 slides. 


to submerged glass slides moving slowly 
through sewage. 

Representatives of three main types 
of surface active agents (anionic 
Nacconol NR, nonionic Tween 80, and 
cationic Ceepryn) were added daily 
in concentrations varying from 10 to 
100 p.p.m. based on total package 
product. 

The results, depicting weight in- 
creases on the basis of milligrams 
per square decimeter for 6- and 12-day 
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immersion periods, are summarized in 
Table I. It is evident (Figure 1) that 
the weight increases followed a similar 
trend for both immersion periods. 

All concentrations of cationic Ceep- 
ryn inhibited growth below control lev- 
els at both 6- and 12-day periods. All 
concentrations of the nonionic Tween 
80 produced growth at or above the 
control level, tending to decrease to- 
ward the control level with increasing 
concentrations. Concentrations from 
10 to 50 p.p.m. (40 per cent active 
matter) Nacconol stimulated growth 
above the control level, the degree of 
stimulation decreasing with increasing 
concentrations. The highest concen- 
trations (100 p.p.m.) of Nacconol re- 
tarded growth below control levels at 
both 6- and 12-day intervals. 

It is estimated that slime growing 
actively on one-third of the surface 
of a sewer 36 in. in diameter and 
1 mi. in length (internal area 23.1 x 
10* sq. dm.) will usually produce 30 
cu. ft. of slime in 6 weeks. An increase 
of 1% to 2 times this value may be 
produced by the presence of low con- 
centrations of anionic and nonionic de- 
tergents, whereas slime volume may be 
reduced by 1% in the presence of 
cationic agent. 
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FIGURE 1.—Effect of detergents on slime growth. 
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Microscopie examination of films 
grown on glass slides submerged in 
sewage indicates that the primary film- 
forming organisms are largely Gram- 
negative cocco-bacilli. Inhibition of 
these primary organisms is significant 
in preventing or stimulating secondary 
organisms. In domestic sewage this 
basic film is generally formed within 
3 or 4 days. The moisture content of 
slimes from raw sewage is about 95 
per cent and the ash approximately 
20 per cent of the dry weight, but in 
some cases the ash content may be as 
high as 36 per cent, as the result of 
adsorption of inert substances. 

Since the predominant types (ani- 
onie and nonionic) of detergents, in 
quantities expected in sewage, stimu- 
late slime growth rates, an over-all 
increase in slime growth in sewers may 
be anticipated. Under such conditions 
more frequent slime discharge would 
reach the treatment plant, creating 
difficulties for the units concerned. 
High concentrations of these deter- 
gents in industrial wastes, or presence 
of cationic agent, may result in cleaner 
sewers. The problem with regard to 
the effect on microorganisms is then 
projected to the biological processes 
of the treatment plant. 


Turbidity 


(p.p.m.) 
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Activated Sludge 
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In a previous paper (1), the effect 
of a single addition of detergents on 
oxygen uptake of activated sludge in 
the presence and absence of sewage was 
described. Since detergents are con- 
tinuously present in sewage, the effect 
of repeated additions of these agents 
on the biological purification of sewage 
by activated sludge, based on B.O.D. 
removals and final turbidity of the 
effluents, was studied. Sufficient oxy- 
gen for the mixed liquor containing 
1,000 p.p.m. activated sludge was as- 
sured by employing continuous and 
violent mechanical shaking. Some of 
the results obtained during six pas- 
sages of detergent in concentrations of 
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100 p.p.m. (active matter) are sum- 
marized in Table II. B.O.D. removals 
and turbidity remaining in the effluents 
of the control and the sewage contain- 
ing Tween 80 were approximately 
equal. However, the purification ca- 
pacity of activated sludge was im- 
paired by the repeated additions of the 
anionic and cationic detergents. The 
B.O.D. reduction was, at best, only 60 
per cent of that produced by the con- 
trol; the turbidity values of the efflu- 
ents from the anionic Nacconol samples 
averaged 5 times greater and those of 
the Ceepryn treated sample were about 
S times greater than the control values. 

Oxygen uptake of the activated 
sludge itself, after only 6 passages 
of Naeconol and Ceepryn, was sub- 
stantially suppressed (Figure 2), 
whereas an increase in oxygen utiliza- 
tion for Tween SO treated sludge indi- 
cated presence of residual oxidizable 
detergent. The oxidation of sewage 
by these detergent treated sludges fol- 
lowed the same pattern exhibited in 
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the case of oxygen uptake by the 
sludges alone. 

Microscopic examination revealed no 
difference between the active biological 
communities of the control sludge and 
the Tween treated sludge, but the 
sludges which received Naecconol and 
Ceepryn additions displayed a lack of 
protozoal and higher forms, with con- 
densation of protoplasmic constituents 
within the sludge particles. 

Repeated passages of surface-active 
agents of the Tween 80 type, which are 
nonionic in character and biologically 
oxidizable, have no effect on activated 
sludge itself or on its purification ca- 
pacity. Repeated passages of high con- 
centrations of anionic Nacconol and 
cationic Ceepryn cause rapid deteriora- 
tion of the sludge and its oxidizing 
ability; the effect being more pro- 
nounced with the cationie detergent. 
Low concentrations of these agents, 
when present continuously, induce 
comparable results. Progressive im- 
pairment of activated sludge and its 
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FIGURE 2.—Effect of repeated additions of 100 p.p.m. of detergents on oxygen uptake 
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purification capacity by repeated addi- 
tions of Nacconol and Ceepryn under 
laboratory conditions precludes the 
possibility of acclimatization of sludge 
organisms to such agents. 


Effect of Detergent Combinations on 
Activated Sludge 


Interaction of most anionic and eati- 
onic detergents causes formation of 
an insoluble complex, which precipi- 
tates or remains in suspension, depend- 
ing on the presence of excess quantities 
of either reactant. 

To determine whether the product 
of such an interaction was inhibitive 
to sewage oxidation by activated 
sludge organisms, anionic Nacconol 
NR and cationic Ceepryn were mixed 
with and activated sludge 
(1,000 p.p.m. in mixed liquor) in 
equivalent concentrations of 0, 25, 50, 
and 100 p.p.m. so that the total quan- 
tity of detergent present would be 100 
p.p.m. The results of the first 6 hr. 
of sewage oxidation (Figure 3) show 


sewage 


SEWAGE AND INDUSTRIAL WASTES 


March, 1953 


again that Nacconol, and to a greater 
extent Ceepryn alone, caused suppres- 
sion of sewage oxidation. 

Addition of Nacconol and Ceepryn 
combinations resulted in diminished re- 
tardation of oxidation in 6 hr.; the 
retardation was overcome in 24 hr. 
when Nacconol concentrations were 
equal to or greater than the amounts 
of Ceepryn present. Increasing quan- 
tities of unreacted Ceepryn exhibited 
increasing and persistent suppression 
of oxidation. 

In a second series of experiments, 
25 to 100 p.p.m. of Nacconol were 
added to 100 p.p.m. of Ceepryn. The 
results (Figure 4) show that as the 
concentration of Nacconol added to the 
cationic agent decreased, the deter- 
ment of oxidative activity of the sludge 
organisms became more pronounced. 

The effect of stoichiometric combina- 
tions of detergents on sewage oxidation 
(on the basis of B.O.D. of sewage 
exerted) by activated sludge previ- 
ously treated three times with these 
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FIGURE 3.—Effect of detergent combinations on sewage oxidation by activated sludge. 
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FIGURE 4.—Effect of Nacconol additions to 100 p.p.m. Ceepryn on oxidation 
by activated sludge. 
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FIGURE 5.—Effect of stoichiometric combinations of detergents on sewage oxidation by 
activated sludge. 
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mixtures is shown in Figure 5. The 
B.0.D. exerted was diminished ap- 
proximately 50 per cent at the end 
of 6 hr. by both stoichiometric combi- 
nations of 50 and 100 p.p.m. of each 
agent. Treatment with 100 p.p.m. 
Nacconol alone reduced the oxidation 
to 40 per cent of the control, and a 
more marked reduction was exhibited 
by Ceepryn. 

Detergent complexes are the form in 
which these agents would probably 
exist under actual field conditions. It 
is significant, therefore, that interac- 
tion of anionic and eationice types de- 
creases the inhibitory action of each 
detergent. Also, the concentration of 
the unreacted agent is more important 
than the total concentration of deter- 
gents present. It may be expected that 
any materials which reduce the con- 
centration of ‘‘free’’ detergent will in 
turn reduce the deleterious effect of 
such agents on biological processes. 


Effect on Nitrification Capacity of 
Activated Sludge 


Nitrification in the activated sludge 
process serves as a yardstick designat- 
ing the progress of decomposition and 
the degree of oxidation of pollutional 
matter. Organic nitrogenous com- 
pounds are broken down biologically 
to ammonia, which is then oxidized by 
specific autotrophic bacteria in two dis- 
tinct steps: first to nitrites and subse- 
quently to nitrates. Activated sludge 
usually contains an ample population 
of nitrifying organisms capable of car- 
rying out these reactions rapidly and 
simultaneously. 

Experiments were conducted to de- 
termine the effect of repeated addi- 
tions of detergents on the nitrifying 
organisms and consequently on the ni- 
trification capacity of activated sludge. 
Nacconol NR, Ceepryn, and Tween 80 
in various concentrations of 10 to 100 
p.p.m. were added twice daily to acti- 
vated sludge (1,000 p.p.m.) and sewage 
mixtures for a period of 7 days (13 
passages). The samples were aerated 
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Effect of Nacconol NR on Nitrification by Activated Sludge 
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FIGURE 6.—Effect of Nacconol additions on NO,-N production by activated sludge. 


by continuous mechanical shaking at marized in Table III. It was found 
20-C. to insure adequate oxygen diffu- (Figure 6) that nitrate production was 


sion, which would be impossible by 
compressed air bubbling because of ex- 
cessive frothing. 

The data obtained with repeated ad- 


inhibited by additions of Nacconol in 
all concentrations in a range of 10 to 
100 p.p.m. (active matter). This re- 
sulted in an accumulation of NO,—-N, 


ditions of anionie Nacconol are sum-- which subsequently diminished as de- 
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FIGURE 7.—Effect of Nacconol additions on NH,-N content of activated 
sludge effluents. 
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tergent dosages were continued. With 
increasing concentrations of Nacconol, 
the decrease in nitrite production oc- 
curred at an earlier stage. The pro- 
duction of nitrates ceased after 9 pas- 
sages with 25 p.p.m. Nacconol, after 5 
passages with 50 p.p.m., and after 3 
passages with 100 p.p.m. Nacconol. 

Interference with the oxidation of 
ammonia and nitrite induced a rise in 
the NH,-N content of the effluent. 
The concentration of NH,—N remaining 
increased above the control level on 
the sixth day (llth passage) of 10- 
p.p.m. Nacconol addition. With higher 
detergent concentrations, accumulation 
of NH,-N commenced after the first 
detergent addition and gradually in- 
ereased above the level originally pres- 
ent in the sewage added. Figure 7 de- 
picts the NH,—N concentration present 
in the effluents of the control and 
Nacconol dosages of 10 and 100 p.p.m. 
The NH,-N content of the effluents em- 
ploying the intermediate detergent con- 
centrations generally followed the pat- 
tern exhibited by the maximum Nac- 
conol dosage. 

The results of cationic Ceepryn ad- 
ditions are presented in Table IV. The 
first dosage of the lowest detergent con- 
centration (10 p.p.m.) had no effect on 
nitrate production, whereas 100 p.p.m. 
Ceepryn caused an immediate decrease. 
The intermediate detergent concentra- 
tions displayed a stimulatory action 
upon the first addition and was fol- 
lowed by a reduction in nitrate pro- 
duction with subsequent Ceepryn 
additions. Nitrate formation was com- 
pletely arrested within 2 days (38rd 
passage) for 50- and 100-p.p.m. Ceep- 
ryn dosages, within 3 days (5th pas- 
sage) for 25 p.p.m., and within 4 days 
(7th passage) for 10-p.p.m. Ceepryn 
additions (Figure 8). No marked ac- 
cumulation of NO,—N was encountered. 
This indicates that the ammonia oxi- 
dizers were affected simultaneously 
with the nitrite oxidizers and possibly 
to a slightly lesser degree. 

The ammonia content of the effluents 
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increased immediately above the con- 
trol level and exceeded the concentra- 
tion present in the sewage added, but 
in the later stages of the experiment 
the ammonia content of the effluents 
returned to the level present in the 
sewage. 

It follow. that suppression of ni- 
trite and nitrate production by Nac- 
conol and Ceepryn additions results in 
accumulation of NH,—-N in the efflu- 
ents. Increase in the NH,—N content 


PASSAGE NUMBER 
FIGURE 8.—Effect of Ceepryn on NO.-N production by activated sludge. 
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at the peak levels, above the concentra- 


tion present in the sewage used, may 
be accounted for by the continued bio- 
logical ammonification. Return of the 
NH.—N content to that of the corres- 
ponding sewage indicates gradual dis- 
placement of the high ammonia-bear- 
ing liquid in sludge interstices con- 
comitantly with inhibition of the am- 
monifying microorganisms. 

The results obtained with repeated 
additions of 50 and 100 p.p.m. non- 


TABLE V.—Effect of Tween 80 on Nitrification by Activated Sludge 


Control | 


N 50 P.P.M. 
No. Added. | | | |—————- 
(p.p.m.) | (p.p.m.) | (p.p.m.) NH:-N | NO-N 
| (p.p.m.) | (p.p.m.) 
l 7.00 0.05 | 0.020 6.00 | 0.10 | 0.025 
3 14.00 4.25 | 0.045 | 18.70 | 5.00 | 0.040 
5 18.75 4.25 | 0.030 | 17.50 | 0.70 | 0.030 
z 17.50 0.10 | 0.025 | 15.00 0.20 0.015 
9 32.50 | 13.00 | 0.045 | 27.50 | 6.00 | 0.040 
11 13.00 5.00 | 0.020 | 13.75 0.80 0.015 
é 0.05 | 0.015 | 15.00 | 0.01 | 0.005 
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5.0 


0.010 
0.030 
0.020 
0.010 | 
0.035 
0.020 
0.002 


271 
100 _e—e—e | 
= 

| 

| 

/ \ | 

/ \ | 

) \ 

; 

-- a 

| 0.15 | 2.5 

— 5.00 | 

-- 0.70 | — 

0.80 — 


272 


TABLE VI.—pH and Turbidity of Effiuents 
from 13th Passage of Detergents 


Detergent | pH 
Control o 7 6.5 10 
Nacconol NR 10 7.3 13 

| 25 8.1 42 

50 8.1 } 58 

| 100 82 | 80 

Tween 80 50 6.5 | 12 
100 6.4 12 

Ceepryn 10 8.1 52 
25 8.1 120 

50 8.1 286 

100 8.2 170 


ionic Tween 80 depicted a pattern 
similar to that of the control (Table 
V). The NO,—N values were unobtain- 
able because of interference with the 
method employed. Qualitative obser- 
vations demonstrated the presence of 
substantial NO.—N content comparable 
to the amount yielded by the control. 
This may be corroborated by the fact 
that NH.-—N concentrations of the 
effluents were low; generally less than 
the corresponding control effluents, pos- 
sibly indicating the utilization of ad- 


SEWAGE AND INDUSTRIAL WASTES 


March, 1953 


ditional nitrogen during the oxidation 
of the added decomposable nonionic 
agent. 

The pH and turbidity values of the 
effluents from the 13th passage of de- 
tergents are given in Table VI. The 
control and Tween 80 effluents, in 
which active nitrification occurred, dis- 
played a comparable slightly acidic 
reaction, whereas the effluents in which 
nitrification had been inhibited mani- 
fested a rise in pH. The turbidity 
values increased from 10 and 12 p.p.m. 
for the control, and Tween 80 effluents 
to 80 p.p.m. for the maximum Nacconol 
concentration. The turbidity of the 
Ceepryn efiluents increased to 286 
p.p.m. for 50 p.p.m. and to 170 p.p.m. 
with the highest Ceepryn dosage. The 
higher Ceepryn concentrations caused 
flocculation of a portion of the colloidal 
matter which was not determined. 
The inerease in turbidity, in the case 
of Nacconol additions, indicates inter- 
ference with the clarification ability of 
activated sludge, as well as deteriora- 
tion of the biological floe; another fae- 
tor, interaction with 


anionic com- 


CONTROL 
TWEEN 80 
NACCONOL 
CEEPRYN 


Op UTILIZATION - P.P.M. 


S100 RPM 
+. 
2 3 4 5 
HOURS 


FIGURE 9.—Effect of repeated additions of detergents on oxidation of sewage by 


activated sludge. 


597” 
LV OPPM 


Vol. 25, 


No. 3 EFFECT OF DETERGENTS ON SEWAGE ORGANISMS 


(Magnification 75 x.) 


FIGURE 10.—Activated sludge after 13 passages of: 


(a) Sewage (control). 
(b) 100 p.p.m. Tween 80. 


pounds in sewage, must also be in- 
cluded for the cationic Ceepryn. 

The 6-hr. oxygen utilization values 
for detergent treated activated sludge 
with fresh sewage and detergent addi- 
tions are shown in Figure 9. The 
greater oxygen uptake in the presence 
of nonionic Tween 80 demonstrates the 


oxidizability of this detergent. The 
sludges previously treated with in- 
creasing quantities of anionic Nac- 
conol exhibited decreasing capacity for 
sewage oxidation. A similar effect with 
cationic Ceepryn is evident, but to a 
more marked degree. 


Microscopic examination of the 
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FIGURE 11.—Activated sludge after 13 _— of: 


(a) 100 p.p.m. Nacconol. 
(b) 100 p.p.m. Ceepryn. 
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sludges after 13 passages of the various 
detergents revealed the following: 


The Tween 80 treated sludges (Fig- 
ure 10b) and the control (Figure 10a) 
were comparable, appearing flocculent, 
light brown, and containing abundant 
and active colonial and free-swimming 
protozoal forms with higher organisms 
interspersed. 

The activated sludge treated with 10 
p.p.m. Nacconol was similarly floceu- 
lent, but in general appeared to con- 
tain less active and fewer colonial and 
free-swimming protozoa. The sludge 
from 25-p.p.m. Nacconol additions was 
darker and more condensed in char- 
acter, with only stalks of the colonial 
types remaining and no apparent free- 
swimming forms. The activated 
sludges treated with higher concentra- 
tions of Nacconol displayed high de- 
gree of condensation within the matrix. 
Cessation of activity was apparent. 
The residual stalks of the colonial 
protozoa and absence of free-swimming 
forms are depicted in Figure lla. 

All the Ceepryn treated sludges ex- 
hibited no protozoal activity. Disinte- 
grating stalks of colonial protozoa were 
evident, but no free-swimming types 
were observable. The sludge masses 
were dark and condensed in charac- 
ter, the degree of condensation in- 
creasing with increasing concentration 
of detergent added. The sludge par- 
ticles were not as large as those of the 
control and appeared to have spinous 
filaments protruding from their periph- 
ery (Figure 1lb). 


Discussion 


A multitude of microorganisms, in- 
digenous to sewage, are essential for 
initiation and maintenance of biologi- 
cal treatment processes. At the same 


time, they may create undesirable 
slime growth in sewers. 
Compounds such as_ surface-ac- 


tive agents, appearing in increasing 
amounts in sewage, may affect these 
microorganisms and their activities, 
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depending on the types and concentra- 
tions of agents present. 

Anionie and nonionic detergents, in 
the low concentrations expected in sew- 
age, could produce an over-all increase 
in slime growth in sewers. Normally, 
slime masses are received at the treat- 
ment plant because of sloughing or 
cleaning out of old growth in the sew- 
ers. In the future, more slime dis- 
charged at more frequent intervals can 
be expected, while greater quantities of 
growths remain in the sewers. Obvi- 
ously, increased difficulties may be en- 
countered with certain treatment de- 
vices. The possibility exists of higher 
quantities of detergents, contained in 
industrial wastes, limiting slime masses 
in sewers, but a detrimental effect 
on subsequent biological treatment 
processes may be imposed. The arrest- 
ment of slime growths by low concen- 
trations of cationie detergents is also 
indicated; hence, their use for slime 
control in sewers and sewage treatment 
devices is a logical consideration. 

The microorganisms active in the ac- 
tivated sludge matrix are not hindered 
by repeated additions of oxidizable, 
nonionie Tween 80. However, continu- 
ous dosages of the Nacconol and 
Ceepryn types retard the oxidizing ca- 
pacity of these organisms and may 
cause a decrease in purification effi- 
ciency, necessitating longer aeration 
periods, without considering the addi- 
tional problem of excess frothing in 
this process. As yet, it does not seem 
probable that the community of organ- 
isms constituting activated sludge can 
be acclimatized to such anionie and 
cationic detergents. 

Interaction of anionic and cationic 
agents to form insoluble complexes 
diminishes the inhibitory effect of each 
detergent singly on biological oxida- 
tion. In other words, the probability 
of reaction betwen the detergent and 
the cell or cellular constituents of the 
microorganisms is lessened. <A deter- 
gent which still possesses its particular 
ionic charge remains capable of react- 
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ing with substances of the cell. Thus, 
the concentration of the detergent in 
this state is more significant than total 
concentration of the agents present. 
In sewage, the ionic detergents are 
subjected to a host of oppositely 
charged compounds including other 
detergents, with which they may react, 
consequently limiting their inter- 
ference with biological oxidation. Fac- 
tors such as continuous flow process, 
wasting of sludge, concentrations, and 
variable discharge of detergents influ- 
ence the extent of the effect on the 
activated sludge process. 
Ammonification or the decomposition 
of organic nitrogenous compounds to 
ammonia by hydrolytic and oxidative 
mechanisms of numerous heterotrophic 
microorganisms in activated sludge 
antecedes the nitrification process. 
The subsequent oxidation of ammonia 
is performed in two stages by aerobic 
autotrophic bacteria present in the 
activated sludge mass, as follows: 


2NH, + 30, — 2HNO, 
+ 2H,0 + Energy 
2HNO, + O, — 2HNO, + Energy 


Substances inhibiting the organisms 
capable of oxidizing nitrites to nitrates 
cause an accumulation of nitrites. In- 
hibition of ammonia oxidizers results 
in an increase in ammonia content of 
the effluent and, consequently, pre- 
vents the formation of nitrates. 

Additions of nonionic Tween 80 ex- 
hibit no effect on the ammonification 
and nitrification processes. Repeated 
additions of anionic Nacconol first re- 
tard the activity of the nitrite oxi- 
dizers, yielding increase in nitrite con- 
centration, then curb the activity of 
the ammonia oxidizers, and finally in- 
terfere with ammonification. Cationic 
Ceepryn affects the ammonia oxidizers 
to a lesser degree, but at the same time 
as the nitrite oxidizers. Further addi- 
tions of this agent have a detrimental 
effect on the ammonifying organisms. 

Under laboratory conditions, the 
detrimental action of Nacconol and 
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Ceepryn is observed within a relatively 
short time. Suppression of the nitrite 
oxidizing organisms occurred within 
48 hr. (3 passages) for all concentra- 
tions (10 to 100 p.p.m.) of Nacconol 
and Ceepryn, whereas complete inhibi- 
tion of the nitrite oxidizers was evident 
in 5 days (9th passage) or less for all 
concentrations of both ionic agents, 
with exception of 10-p.p.m. Nacconol 
additions, which showed continued re- 
tardation through 7 days. In the 
main, the effects of cationic Ceepryn 
were more marked. 

In general, the oxidative ability of 
the sludge organisms was diminished, 
the community of organisms and the 
character of the biological floc being 
impaired by repeated additions for a 
l-week period of Nacconol and Ceep- 
ryn type detergents in concentrations 
of 10 to 100 p.p.m. 

Since activated sludge is retained 
from, say, 2 to 7 days in the aeration 
tank, the extent of interference with 
the nitrification processes will vary 
with the sludge age and the concentra- 
tion and type of detergents present in 
sewage. 


Summary and Conclusions 


Extensive laboratory experiments, 
conducted to determine the effect of 
three different types of detergents on 
slime growth and biological activity in 
activated sludge, show that: 


1. Slime growths and _ biological 
treatment processes, established by 
autochthonous sewage microorganisms, 
are influenced in various ways by the 
presence of synthetic detergents in 
sewage. 

2. Low concentrations of anionic 
(Nacconol NR) and nonionic (Tween 
80) detergents stimulate slime growths, 
whereas definite retardation is caused 
by a cationic (Ceepryn) agent. 

3. Repeated additions of Nacconol 
and Ceepryn cause a decrease in oxi- 
dizing, purifying, and nitrifying ca- 
pacities of activated sludge, along with 
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a general deterioration of its physical 
and biological properties. 

4. Oxidizable, nonionic Tween 80 in- 
duces no detrimental effect on activated 
sludge or its activities. 

5. Interaction of anionic and eati- 
onie detergents tends to diminish the 
inhibitive action of these materials on 
oxidation by activated sludge organ- 
isms. 


SEWER SERVICE CHARGE 


Adoption of service charges, particu- 
larly for sewer service, was a device 
widely used by municipalities during 
1952 in their efforts to raise addi- 
tional revenues, according to a report 
of the Municipal Finance Officers As- 
sociation. 

Almost all Minnesota cities and vil- 
lages building new sewage disposal 
plants now use sewer service charges as 
a means of defraying at least a portion 
of the construction cost. Missouri 
cities, authorized by a 1951 legislative 
act to issue sewer revenue bonds and 
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6. Nacconol and Ceepryn have a 
marked detrimental effect on the 
protozoa 


stalked and free-swimming 
present in activated sludge. 


Reference 
1. Manganelli, R., ‘‘Detergents and Sewage 
Treatment.’? THis JOURNAL, 24, 9, 
1057 (Sept., 1952). 


DEVELOPMENTS IN 1952 


establish sewer rental charges, are in- 
creasingly turning to this device. 

Increased use of sewer rentals is also 
apparent in California. Placerville now 
includes such a charge on its water 
bills. Residents of Alameda, Albany, 
Berkeley, Emeryville, and Piedmont 
now pay a sewer rental charge to the 
East Bay Municipal Utility District. 

San Angelo, Tex., adopted a sewer 
service charge of $1 per month per 
residence. Acting under a 1951 legis- 
lative act, Morgantown, W. Va., im- 
posed a sewer rental charge of 50 per 
cent of the water bill. 
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The sensational increase in the use 
of synthetic detergents, coupled with 
arising per capita use of all detergents, 
has given those concerned with waste 
treatment and receiving streams some 
new problems during the last decade. 
In this period, per capita use of all 
detergents has increased more than 10 
per cent, the population of the United 
States has increased 13 per cent, and 
the production of ‘‘syndets’’ has in- 
creased from practically nothing to ap- 
proximately half of all detergents be- 
ing made. Although these facts appear 
to make innocent commercial news, the 
present and future effects of this large 
amount of such material discharged 
with the used water supply have a 
definite effect on the design and opera- 
tion of sewage treatment plants. 

The authors have been unable to 
obtain actual figures on the use of de- 
tergents of various types in the Wash- 
ington, D. C. area. These data are 
not available because of their commer- 
cial value in competition between vari- 
ous brands. From a knowledge of the 
area’s domestic habits, water hardness, 
and sewage characteristics, it appears 
that approximately one-half of the 
former soap use has been replaced by 
synthetics of one type or another. 

The District of Columbia sewage 
treatment plant is similar to many 
other primary treatment plants. The 
treatment processes include grit re- 
moval, pre-aeration, and sedimentation. 
The sludge and scum removed are di- 
gested, elutriated, and dewatered on 
vacuum filters. Analyses indicate that 


* Presented at 25th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; New York, N. Y.; Oct. 6-9, 1952. 
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the sewage is weaker than that usually 
found in a community of 1,000,000 
persons. Because of the almost com- 
plete absence of wet industries, the 
sewage is considered completely do- 
mestic. 

In addition to the regular treatment 
plant, there exist at the plant facilities 
for pumping settled sewage or plant 
effluent through tanks equipped for 
compressed air aeration and secondary 
settling. These tanks provide deten- 
tion periods of 1 hr. in the aeration 
tank and 1.5 hr. in the secondary set- 
tling tank at a flow of 340,000 g.p.d. 
Return of sludge reduces the aeration 
period given. These arrangements 
were provided for aeration experiments 
by Guggenheim Brothers, Inc., and 
since the Guggenheim work was stopped 
late in 1949, the units have been left 
for use by the plant. These tanks have 
been useful in extending laboratory 
aeration studies to a large pilot-plant 
scale. This work has been of direct 
value, as high-rate activated sludge has 
been adopted as the best means of in- 
creasing the degree of treatment at the 
plant. 

The high-rate activated sludge units 
to be constructed will provide 2-hr. 
aeration based on mixed liquor with 
5 per cent sludge return for the ex- 
pected 1980 maximum summer month 
flow of 290 m.g.d. and final sedimenta- 
tion for 1.63 hr. at this flow. Present 
construction schedules call for the com- 
pletion of the first half of the secondary 
treatment plant in 1956 and the second 
half in 1960. With these facilities, the 
degree of B.O.D. removal is expected 
to be increased to 70 or 75 per cent. 

A primary treatment plant does not 
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give the opportunity for observations 
on the effects of synthetic detergents 
nearly so much as plants employing 
regular or high-rate activated sludge 
or contact aeration. The frothing 
which has become associated with these 
secondary treatment processes is the 
most serious effect attributed to syn- 
thetic detergents in sewage treatment. 
In search for other effects, various ob- 
servations have been made to evaluate 
effects of synthetic detergents at the 
plant. 

Flett and Hoyt (1) have shown the 
increased use of detergents in the 
United States, and the increased pro- 
portion of synthetic detergents. Table 
I shows the sewage characteristics dur- 
ing early years of plant operation com- 
pared to the year ending June 30, 1952. 
It appears that there has been a 
marked change in the characteristics 
listed, with a noticeable decrease in 
B.0.D., but little change in suspended 
solids. The decrease in dissolved 
B.O.D. is marked. 

Table II shows the relative per capita 
B.0O.D. values for 12 years of plant 
operation. The values are not con- 
sidered firm values of the per capita 
B.O.D. because the actual contributing 
population is difficult to determine. 

There is a slight downward trend in 
the most recent years, which is at- 
tributed to the replacement of soap 
with its high B.O.D. by syndets of 
very little or no B.O.D. This effect 


TABLE I.—Sewage Characteristics at District 

of Columbia Sewage Treatment Plant 
1939-1943! 1952! 
Item 


Raw Effi. 


Raw Ef 


B.O.D. (p.p.m.) 172 |114 
Susp. Solids 
(p.p.m.) 177 89 
Ratio B.0.D./S.S. 0.97) 1.28 
Soluble B.O.D. 

(%) 33 «50 
B.O.D. removal 
(%) | - 34 


' Fiscal years. 
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TABLE II.—Per Capita Daily B.O.D. at 
District of Columbia Sewage 
Treatment Plant 


5-Day 
B.O.D. 
(p.p.m.) 


B.O.D. 
per Capita 
(Ib. /day) 


Av. 
Flow 


(m.g.d.) lation 


(1,000's) 

940 
1,025 
1,120 
1,135 
1,120 
1,140 
1,100 
1,140 
1,142 
1,140 
1,140 
1,140 


0.164 
0.172 
0.155 
0.146 
0.149 
0.149 
0.162 
0.154 
0.151 
0.154 
0.145 
0.150 


171 108.4 
192 110.0 
171 121.7 
154 129.5 
139 144.1 
136 150.2 
145 147.6 
139 151.2 


* B.O.D. of these years adjusted from 16-hr. 
to 24-hr. sampling basis. 


may be approximated quantitatively. 
Washington sewage prior to World 
War II contained 25 to 40 p.p.m. of 
saponifiable fats, which accounted for 
25 to 30 per cent of the incoming 
B.O.D. Reducing this by one-half for 
a 50 per cent substitution of synthetic 
detergents for soap could account for 
a drop in raw B.O.D. of 12 or 15 per 
cent. The authors believe this is not 
shown by these data because of in- 
creased load from ground garbage. 

Figure 1 shows the annual variation 
of the B.O.D./S.S. ratio in the crude 
sewage and in the sludge and scum 
removed by the settling tanks. The 
removal curve was computed from the 
values for raw and settled sewage. 
The downward trend of the B.O.D./ 
S.S. ratio during recent years with 
increased use of synthetics suggests 
that the new detergents are a likely 
factor. 

In an attempt to measure the froth- 
ing properties of D. C. sewage, the 
experimental plant was operated in a 
manner expected to produce frothing. 
In normal operation the experimental 
aeration tanks had a small amount of 
froth at 8:00 each morning, but 
this disappeared regularly within 2 
or 3 hr. From observations on the 


a | | Est. | 
Fiscal | Popu- 
Year 
a 1941 | | 
1942 | 
1943 
1944* 
1945* 
a 1946* | 
1947* 
1948* 
1949 | 121 | 171.4 | 
ss 1950 | 132 | 160.1 
= 1951 | 124 | 160.3 | 
1952 | 119 | 172.7 | 
| 84 
170 | 80 
0.70} 1.05 
25 | 33 
— |% 
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60) 


peewee +—-- 


SLUDGE AND si REMOVED 


RATIO 5-DAY 8.0.0, /SUSPENDED SOLIOS 


1939 40 41 


42 


43 


experimental plant, factors observed as 
favoring the formation of froth were 
(a) weak sewage, which normally 
reaches the plant between 2:00 am and 
8:00 am, with a resultant reduction in 
load on the secondary experimental 
unit; (b) rates of air application above 
1.5 cu. ft. per gallon; (c) detention 
periods in the aeration tank greater 
than 2 hr.; and (d) concentration of 
suspended solids in the mixed liquor 
below 400 p.p.m. Although all of these 
factors are considered important, it is 
clear that they are not independent 
of each other. Little or no froth 
formed when the primary effluent was 
comparatively strong with an air ap- 
plication at the usual rate of approxi- 
mately 0.5 eu. ft. per gallon, when 
aeration time was limited to about 1.5 
hr., or when the mixed liquor was 
maintained at 500 p.p.m. or more of 
suspended solids. 

When an air-lift was used to pump 
return sludge to the aeration tank, 
froth frequently formed in the dis- 
charge boxes after the solids had passed 


44 45 46 47 
FISCAL YEAR 


FIGURE 1.—Annual variation of B.O.D./S.S. ratio at District of Columbia 
sewage treatment plant. 


468 49 50 Si i952 


through and the lift was discharging 
liquid approaching the mixed liquor 
strength. The small amount of froth 
from this source and from the diffusers 
did not accumulate in the aeration tank 
during the operating day when the 
plant primary effluent was at or above 
average strength. The accumulation 
and dispersion of froth in the dis- 
charge boxes was observed to have a 
period similar to the discharge of 
sludge scrapers in the final settling 
tank. In these units this interval was 
9 min. Normal flow through the tank 
caused the froth to pass over the out- 
let weir and disperse. Under these ex- 
perimental conditions froth could be 
produced practically at will by allow- 
ing the air supply to continue with no 
sewage flow through the tank. 


Summary and Conclusion 


Operating experiences with synthetic 
detergents at the D.C. sewage treat- 
ment plant have not required any 
major operational changes. Changes 
in sewage characteristics during recent 
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years are believed to be caused partly 
by synthetic detergents. These changes 
include: 


1. Reduction of per capita B.O.D. 
of the sewage. 

2. Reduction of efficiency of the pri- 
mary treatment units, on the basis of 
percentage removal of B.O.D. and sus- 
pended solids. 

3. Little effect on the B.O.D. and 
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suspended solids of the primary efflu- 
ent. 


It is believed that the reduction in 
load from the synthetic detergents 
is partly offset by added load on the 
system caused by ground garbage. 


Reference 
1. Flett, L., and Hoyt, L. F., Detergent 
Compounds—Their Composition and 
Behavior.’’ THIS JOURNAL, 25, 3, 245 
(Mar., 1953). 


DISCUSSION 


By Samvuent A. GREELEY 


Consulting Engineer, Greeley and Hansen, Chicago, Il. 


There is much of interest in Mr. 
Fuhrman’s paper. His Table I shows 
a lowering of the B.O.D. in the raw 
sewage at the District of Columbia 
plant from 172 to 119 p.p.m. There 
also was some decrease in the percent- 
age of removal by sedimentation from 
33.8 to 29.4 per cent. The unit quan- 


tity of B.O.D., in pounds per capita 
per 24 hr. (Table II), does not indi- 
eate much change, but whatever there 


is, is downward. These things make 
the selection of bases of design for the 
new District of Columbia works a diffi- 
cult task, to which is added the diffi- 
culty of an expected but unknown in- 
crease in the use of household and 
restaurant garbage grinders. In study- 
ing the characteristics of sewage in 
other places, not much change has been 
found in the B.O.D. concentration 
since the advent of detergents. How 
then shall the bases and details of de- 
sign of a new plant be determined? 
First, a digression is in order to com- 
ment on froth control practice. Two 
procedures are now attracting atten- 
tion—defrothing agents and sprays. 
Present rather limited experience indi- 
cates an efficient quantity for sprays 
to beat down froth of 15 to 20 g.p.m. 
per m.g.d. of sewage. The sprays may 
be operated continuously except dur- 
ing the weak sewage hours, or per- 


haps intermittently. The quantity of 
froth control spray water or effluent 
may also be stated in g.p.m. per linear 
foot of aeration tank, the units seem- 
ing to range from 0.25 to over 0.50 
g.p.m. per foot of aeration tank. 

There is indication that defrothing 
agents are being used at rates varying 
from 2.5 to 7.5 lb. per m.g.d. of sewage. 
The lower rate of application costs 
about 35¢ per m.g.d. for the agent 
alone. The agent may be introduced 
into the spray effluent or into the re- 
turn sludge. 

The possibility of split treatment 
should be noted. Under this procedure, 
a portion of the sewage would be given 
a higher degree of treatment, which 
would permit a relatively high quan- 
tity of suspended solids in the mixed 
liquor. Experience may indicate this 
to be a practicable way of controlling 
froth. A control chamber to accom- 
plish this is included in the prelimi- 
nary bases of design of the District 
of Columbia plant. 

Obviously, there must eventually be 
had some knowledge of what condi- 
tions cause and influence froth forma- 
tion and control. Among these, the 
characteristics of the sewage are im- 
portant, as are also the kind of aera- 
tion and the suspended solids in the 
mixed liquor. At New York, Los 
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Angeles, and Philadelphia, all with low 
suspended solids in the aeration tanks, 
there has been considerable frothing. 
However, there has been some frothing 
at the Nassau County plant on Long 
Island with 2,000 p.p.m. of suspended 
solids in the mixed liquor. 

Some sewages may contain froth re- 
ducing agents if such should be con- 
tributed by certain kinds of industry. 
Other influencing local conditions may 
be temperatures, sunlight, rains, and 
winds. 

Mr. Fuhrman has stated the main 
bases of design of the additions for 
treatment by aeration at the District 
of Columbia plant, now under design 
and construction. The quantity ex- 
pected for the maximum summer 
months is 290 m.g.d. and the displace- 
ment period based on mixed liquor 
with 5 per cent return sludge is 2.0 
hr. Of course, much data and study 
underlie these bases. It is proposed to 
operate the aeration plant during the 
five summer months of years when the 
discharge of the Potomac River is low. 
It is desired to produce an effluent con- 
taining about 35 p.p.m. of B.O.D. The 
bases of design are intended to ac- 
complish 75 per cent reduction of the 
B.O.D. in the raw sewage. 

A few items from the bases of de- 
sign as of the year 1980 are as follows: 


The information presented by Mr. 
Fuhrman, particularly that obtained 
in his essentially pilot-plant operation, 
is very interesting. No doubt when the 
data from many plants have been ac- 
cumulated, tabulated, and studied, a 
great deal of helpful information will 
be available to sewage plant operators 
and design engineers. The researchers 


of the National Aluminate Corp. also 
are fortunate in having made available 
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1. Sewage quantities— 


Annual average 240 m.g.d. 
Summer average 266 m.g.d. 
Max. summer mo. 290 m.g.d. 


2. Population—1,500,000 
3. B.O.D. in raw sewage— 


Sewage 133 p.p.m. 
Garbage 17 p.p.m. 
Total 150 p.p.m. 


4. B.O.D. in settled sewage applied 
to aeration tanks— 


Sewage and garbage 100 p.p.m. 
Reduction by 
sedimentation 28.5% 


5. B.O.D. in effluent— 


Desired or needed 37 p.p.m. 
Expected 30 p.p.m. 


6. Susp. solids in mixed liquor—300 
to 600 p.p.m. (depending upon 
the temperature, with an aver- 
age during the summer months 
of 400 p.p.m.) 


7. Available quantity of air—0.50 
cu. ft. per gal. during the maxi- 
mum summer month. 


It appears from the foregoing discus- 
sion that a considerable measure of 
operating flexibility for froth control 
is provided. 


for their studies a small activated 
sludge plant treating only domestic 
sewage. This plant has a design flow of 
0.015 m.g.d., a primary tank capacity 
of 1,500 gal., a mechanical aeration 
tank of 10,350 gal., a clarifier of 1,215- 
gal. capacity, and a digester of 1,550 
eu. ft. 

One of the chief obstacles in getting 
started with the investigation of the 
problems involved in sewage operation 
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because of detergent inclusion has been 
to ascertain the actual facts relating to 
the problem. This has necessitated 
spending considerable time on develop- 
ment of the problem itself before ac- 
tive work could be started on its solu- 
tion. 

The most talked of and publicized 
effect of synthetie detergents is the 
froth formation which is most notice- 
able in aeration tanks. Probably when 
all the facts are known and under- 
stood, this froth formation may only 
be a small factor in the over-all effect 
of these materials. It is well to point 
out that the term ‘‘synthetie deter- 
gent’’ as used in this discussion in- 
cludes the complete formulation as it 
is used, consisting of builders and de- 
tergent assistants, as well as the active 
detergent itself. In this over-all pic- 
ture the effect of each component part 
of the formulation has not been con- 
sidered separately. 

The effect of synthetic detergents in 
the primary tanks is probably that of 
dispersion and retarding of sludge set- 
tling. There is some difference of 
opinion among operators as to whether 
this is a real problem or a problem 
which is assumed to exist. About one- 
half of the operators with whom this 
problem was discussed claim that the 
synthetic detergent does not affect the 
primary tank operation ; the remainder 
feel that it does. It is possible that 
the extent of the effect is relative and 
more noticeable in hard-water areas, 
where the soap precipitated by the 
hardness in the water acted as an aid 
to flocculation of sediment. With the 
advent of the synthetic detergent this 
aid was eliminated. In other areas, 
soap, which was not precipitated, itself 
acted as a dispersant so that any addi- 
tional difficulty was not so noticeable 
as in the previously mentioned in- 
stance. Nevertheless, because of the 
inherent dispersive characteristics of 
the synthetic detergent, it can be as- 
sumed that they do present a problem 
in primary tank sludge sedimentation. 
Therefore, attempts are being made to 
develop a coagulant that will be effec- 
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tive for sludge in the presence of syn- 
thetic detergents. None of the usual 
chemicals and coagulation methods 
presently used seem to completely fill 
the requirements for this operation. 
The four points mentioned by Mr. 
Fuhrman as affecting foaming in see- 
ondary tanks—namely, weak sewage, 
increase of air input, increase of de- 
tention, and reduction in suspended 
solids—may not be independent of 
each other as stated by Mr. Fuhrman. 
In the writer’s opinion they are all 
related to the degree of aeration of the 
secondary sewage. So far as froth is 
concerned, it seldom if ever occurs in 
primary tanks. As a matter of fact, 
some operators believe that raw sewage 
will act as an antifoam, and it is under- 
stood that some are feeding raw sew- 
age at various points in their aeration 


tank for this purpose. It is also un- 
derstood that some operators are con- 
trolling foam regulating the 


amount of air input to the secondary 
treatment tanks. This, of course, is 
stop-gap treatment, is not consistent 
with the best accepted practices, and 
may result in other difficulties more 
important than the nuisance caused by 
the presence of froth. 

One of the interesting considerations 
found in the experimental work men- 
tioned has been the distribution of bae- 
teria in the various phases of the sec- 
ondary tank. For example, it has been 
found that the bacteria counts in the 
foam phase are at least 20 times as 
high as the bacterial population in the 
liquid phase at the same relative point 
in the tank. Actually, according to the 
bacteriologist, this ratio is higher than 
reported, as the pin-point coliform 
colonies present on the plated foam 
phase were not taken into considera- 
tion, but merely recorded as ‘‘too nu- 
merous to count.’’ It is not known 
what this means or what over-all effect 
it might have on operation, but it 
certainly is a point that should be 
considered in any investigational work 
which might be undertaken. 

A great deal of the work in which 
the National Aluminate Corp. is inter- 


ested deals with water clarification. 
At times the researchers are confronted 
with the flotation of solids which are 
normally easily settled when floccu- 
lated. In a number of instances this 
difficulty has been successfully over- 
come by the use of an antifoam, which 
liberates the air bubbles attached to 
the suspended material and which 
causes the suspended material to float 
in the water. The same condition may 
apply in the settling basin after the 
aeration tanks. This, of course, should 
be taken into consideration when evalu- 
ating the efficacy of an antifoam. One 
of the points of evaluation attempted 
is to determine the quantity and rate 
of settling of suspended solids. This 
is difficult because of the fluctuation 
that may occur. To date there is 
nothing more constructive to report 
than the opinion of an operator that 
the amount of activated sludge 
‘*seemed’’ to increase when the anti- 
foam was in use. 

Some complaints have been heard 
from operators of sewage plants to the 
effect that since the advent of synthetic 
detergents, plants utilizing the gas 
from the digesters have been having 
difficulty maintaining the same gas 
production as previously obtained. 
Whether this is due to the condition 
of the sludge (as, for example, density ) 
or from other causes should certainly 
be determined. Otherwise, these plants 
will not be able to maintain a balanced 
condition in their operation. It has 
been suggested that the phosphate 
builders may be the prime contribu- 
tors to this difficulty. 

It is, of course, only reasonable to 
expect that when extra chemicals have 
to be used to overcome difficulties and 
inerease efficiency, costs will increase. 
Manufacturers are well aware that 
treatment costs must be kept in eco- 
nomical balance and as low as possible 
consistent with good operation of the 
plant. If not, they certainly would not 
be able to sell chemicals to the operat- 
ing plants. 

The specific problem of some opera- 
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tors is frothing, which can be satis- 
factorily controlled. Proper applica- 
tion of a good commercial antifoam 
will cost approximately $0.50 to $1.00 
per m.g. of sewage treated. When con- 
sideration is given to the other ad- 
vantages to be expected through the 
use of an antifoam, this does not seem 
to be an exorbitant cost. 

It seems to be fairly generally ac- 
cepted that approximately 40 per cent 
of the box detergents have been com- 
posed of synthetic detergents. This 
may be quite conservative, if personal 
experiences are indicative of the gen- 
eral trend. It also seems that the time 
when a non-sudsing detergent formu- 
lation will be accepted by the house- 
wife is a long way in the future. Suds 
apparently may not be essential to de- 
tergency, as antifoam compounds are 
being sold to formulators of industrial 
cleaners who do not want their prod- 
ucts to suds when used. However, to 
a housewife suds represents a measur- 
ing stick which she can use to satisfy 
herself that she is using sufficient de- 
tergent. As an example of this, not 
long ago the writer put a drop of one 
of his company’s antifoam formulations 
in his wife’s washing machine without 
her knowledge. She proceeded in the 
usual manner, and had put into the 
machine practically a box of detergent 
before she complained about the poor 
quality of the particular product and 
received an explanation of what had 
been done. Confidentially, the writer 
will never try that again. As a result 
of this attitude on the part of the house- 
wife steps should be taken in the sew- 
age plants to handle the problems the 
syndets present. 

In conclusion, control of froth 
caused by synthetic detergents in sew- 
age plant operations is one of the easier 
industrial foam control problems un- 
dertaken by the writer’s company. A 
sample of detergent whose foaming 
characteristics could not be overcome 
and controlled by one of the antifoam 
formulations has yet to be received. 
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A SINGLE DILUTION TECHNIQUE FOR B.O.D. 
STUDIES * 


By H. E. Orrorp, M. C. Ranp, Anp I. GELLMAN 


Rutgers University, New Brunswick, N. 


In some B.O.D. research investiga- 
tions it is necessary to determine the 
B.O.D. of a substrate at various time 
intervals to determine such factors and 
influences on biological oxidation as 
(a) oxidation rates, (b) nitrification, 
(ec) temperature, (d) nitrogen and 
mineral requirements, and (e) toxicity. 

The standard B.O.D. bottle dilution 
method most commonly employed for 
such investigations presents several in- 
herent difficulties to long-time B.O.D. 
studies, as follows: 


1. A large number of individual 
B.O.D. bottles are required for a single 
test. 

2. Several different B.O.D. dilutions 
are necessary. 

3. Separate bottles must be used for 
other determinations, such as ammonia, 
nitrites, nitrates, and bacteria. 


In the standard B.O.D. test, using 
individual bottles, it is assumed that 
the course of biological oxidation is the 
same in each bottle no matter what the 
dilution is. This assumption may lead 
to rather serious errors, because both 
nitrification and biological oxidation 
rates are apparently affected by the 
concentration of organic material in 
the B.O.D. substrate, as shown by 
Ruchhoft et al. (1). In long-time 
B.O.D. studies the standard B.O.D. 
technique is not sufficiently accurate 
to determine the small differences in 
B.O.D. after carbonaceous oxidation 
begins to taper off, say after 5 days. 
This often causes reversals in the B.O.D. 
eurve and introduces problems in the 
interpretation of the results. 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 
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One method of overcoming these 
problems, used by many research work- 
ers, is to set up a series of bottles with 
the same dilution and then pool, re- 
aerate, and redistribute the sample 
whenever necessary to prevent total 
oxygen depletion. Another B.O.D. di- 
lution technique used to study the 
oxidation of stream water is described 
by Kittrell and Kochtitsky (2). ‘‘A 
large volume of each sample was incu- 
bated in an unstoppered bottle, from 
which B.O.D. bottles were filled for 


initial and final D.O. determinations. 
The final D.O. was determined after 
a limited period of incubation that 
would not cause total oxygen depletion. 


When the final D.O. was determined, 
another set of B.O.D. bottles was filled 
from the large bottle, which had been 
stored unstoppered in the incubator to 
permit continuing aerobic action. The 
process was repeated as necessary un- 
til the desired term of ineubation was 
completed. For the long-term B.O.D. 
several B.O.D. bottles were incubated 
each time it was necessary to refill 
from the large bottle, to permit a final 
D.O. determination each day.’’ 


Jug Dilution Technique 


In the ‘‘jug dilution technique’’ for 
B.O.D. studies, two 1-gal. jugs are used 
for each test, instead of a large number 
of B.O.D. bottles. Each jug is filled 
with an appropriate mixture of sample 
and dilution water. One jug is kept 
full and stoppered to exelude air. 
Samples are siphoned from this bottle 
for dissolved oxygen and other analy- 
The volume of sample taken from 
the first jug is replaced from the second 
and the incubation is continued until 
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the next sampling period. Thus, the 
sample volume of the second jug de- 
creases as the B.O.D. test continues. 

When the dissolved oxygen nears de- 
pletion, the sample jug is emptied into 
a large beaker or cylinder and aerated 
to replenish the oxygen. The jug is 
then refilled, a new sample taken for 
dissolved oxygen and the test con- 
tinued. During the first few days dis- 
solved oxygen is rapidly depleted, so the 
second supply jug should also be re- 
aerated; after dissolved oxygen utiliza- 
tion tapers off, the second jug, which 
is not full, will receive enough reaera- 
tion from the air space above the 
liquid to make mechanical reaeration 
unnecessary. 

All samples are taken from the closed 
jug and the sample volume is replaced 
from the second supply jug. It is 
necessary, therefore, that the ratio of 
the sample volume to the jug volume 
be small to minimize errors in dis- 
solved oxygen concentration, due to 
differences in D.O. concentration be- 
tween the sample jug and the supply 
jug. Dissolved oxygen samples are 
taken by siphoning the sample into 60- 
ml. glass-stoppered bottles. The dis- 
solved oxygen is determined by the 
standard azide modification of the 
Winkler method (3) with the follow- 
ing modifications: 


1. 0.2 ml. of each of the reagents is 
used instead of 1.0 ml., thus maintain- 
ing the same reagent concentration. 

2. 50 ml. of sample is titrated with 
thiosulfate instead of 200 ml. 

3. 0.00625N instead of 0.025N  so- 
dium thiosulfate is used for titration. 
Since the thiosulfate concentration is 
one-quarter and the sample volume 
one-quarter, the titration in ml. can be 
read directly as p.p.m. dissolved oxy- 
gen. 


To minimize errors and standardize 
the procedure, a few simple techniques 
were developed for handling the jugs 
and making dissolved oxygen determi- 
nations: 
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1. The siphon is made from small 
glass tubing (2 to 3 mm. inside diame- 
ter) and connecting rubber tubing. 
The glass tube is bent about 135° at 
the top to form a hook, which will 
allow the tube to extend to a depth 
of 1 in. from the bottom. At the top 
the hook is about 1 in. long, and a 
piece of rubber tubing 6 in. longer 
than the bottle depth is attached to 
complete the siphon. 

2. Before the sample is taken, the 
jug contents are stirred with the glass 
siphon rod. From 10 to 15 quick eir- 
cular motions are usually sufficient. 
Since the jug is completely full and 
little surface is exposed, the amount 
of reaeration by stirring is insignifi- 
eant. 

3. The siphon rod is dropped to 
maximum depth so that the hook rests 
on the lip of the jug and the rubber 
tube is inserted in the D.O. sample 
bottle. The siphon is started by pinch- 
ing the rubber tubing at the top and 
sliding the fingers down the tube. This 
pulls the liquid over the lip of the 
bottle and starts the siphon. When the 
D.O. sample bottle is filled, the siphon 
contents are emptied back into the 
jug. 

4. At this point samples can be 
taken for bacteria counts, nitrites, ni- 
trates, ammonia, or any other analyses 
desired. 

5. If the contents do not need re- 
aeration, the sample jug is filled to the 
top from the second supply jug, care 
being exercised in pouring, and a rub- 
ber stopper is inserted. To prevent an 
air bubble from forming under the 
stopper, a piece of wire (a straightened- 
out paper clip) is placed in the neck 
of the jug while the stopper is shoved 
into place. The small opening around 
the wire allows water displaced by the 
stopper to flow out, together with any 
trapped air. After the stopper is in 
place, the wire is pulled out and the 
stopper is securely held against re- 
moval by vacuum action. The insert- 
ing wire device is easier to use if one 
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end is wound around a nail, which 
serves as a handle. 

6. If reaeration is required, the con- 
tents of the sample jug and, if neces- 
sary, both jugs, are emptied into sepa- 
rate vessels and reaerated by diffused 
air. With a diffuser only 4 to 5 min. 
of aeration are required; if air is 
bubbled from an open tube, 10 min. 
may be necessary. When no facilities 
for diffused aeration are available, the 
contents can be aerated by pouring 
several times between two vessels. 

7. The dissolved oxygen determina- 
tion requires the reagent modifications 
noted previously and also needs a 
slight change in titration technique to 
obtain accurate results. At the end 
of the titration, the blue starch-iodine 
color reappears in a few seconds, be- 
cause the thiosulfate used is weak. 
Titration end-point errors can be mini- 
mized by adjusting the buret to a 
steady dropping rate after starch in- 
dicator is added and continuing at this 
rate until the color disappears. When 
the color disappears, the buret is 
shut off and no further thiosulfate is 
used even though the color returns. 
This technique is no different from 
standard iodine titration technique. 
The use of weaker thiosulfate requires 
that extra care be taken to prevent 
color return interference. 


Accuracy of D.O. Determination 
Using 50-Ml. Samples 


The accuracy of the small sample 
D.O. technique was determined in a 
series of four tests using 10 replicate 
samples taken for each test. The tests 
were made at different D.O. levels by 
four different persons. The following 
standard deviations were obtained: 


Av. D.O. Level Stand. Dev. 
p.p.m.) (p.p.m. D.O.) 
9.15 0.085 
7.94 0.049 
7.75 0.050 
4.60 0.090 

Av. 0.069 
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There is no apparent relationship 
between standard deviation and D.O. 
level, and differences in accuracy may 
be due to the technique of the indi- 
vidual analyst. The average standard 
deviation is about 0.07 p.p.m. D.O., 
which is the same as that found by 
the Federation Committee on Standard 
Methods. It can be concluded that 
with good technique the D.O. determi- 
nation on 50-ml. samples is as accurate 
as with standard 200-ml. samples. 

Other theoretically possible sources 
of error in the jug technique are re- 
aeration during the transfer of sam- 
ples for dissolved oxygen and dissolved 
oxygen increases in the sample jug 
because the second refill jug contains 
more dissolved oxygen than the sample 
jug. This source of error was investi- 
gated by making 20 consecutive trans- 
fers between two I-gal. jugs contain- 
ing waters with different dissolved 
oxygen concentrations. The transfers 
were made in exactly the same manner 
as the described jug procedure, in- 
cluding stirring. The sample jug had 
an initial D.O. of 4.3 p.p.m. and the 
supply jug 6.6 p.p.m. This D.O. dif- 
ferential is approximately the average 
D.O. differential observed in actual 
tests. During 20 transfers, the D.O. 
concentration in the sample jug gradu- 
ally increased to 4.9 p.p.m., an increase 
of 0.6 p.p.m. D.O. The expected in- 
crease from the D.O. differential alone 
was 0.7 p.p.m., assuming 65 ml. of wa- 
ter was transferred each time. 

From the results of this experiment 
it was concluded that no measurable 
amount of oxygen is added by re- 
aeration during the transfer and that 
on the average the dissolved oxygen 
error is about 0.03 p.p.m. per trans- 
fer. For a B.O.D. experiment this 
would cause an error in the B.O.D. 
of about — 3 per cent. Since the error 
is distributed throughout the entire 
curve, the shape of the curve is not 
affected by neglecting the normal trans- 
fer error. If for any reason it is 
deemed necessary to reduce this error, 
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Jug Dilution Method? 


Bottle Dilution Method? 


, Av. Stand. Coef. of 
B.O.D v. Var. 
ys (p.p.m.) (p.p.m.) (%) 


Time I 
B.O.D. Dev. Var. 
(days) (p.p.m.) (p.p.m.) (%) 


0.41 

0.96 168.0 2.12 1.26 
1.98 220.5 8.08 3.67 
4.06 284.2 6.50 2.28 
4.98 304.5 7.02 2.30 
5.98 318.0 7.94 2.49 
7.04 326.2 6.50 2.00 
7.98 ‘ 


10.0 
12.0 
19.0 


Av. to 7.96 days 


345.0 
371.2 
459.0 


Av. to 19.0 days 2.73 


1.92 211.0 4.35 2.06 
4.00 278.0 8.33 3.00 
5.92 294 9.06 3.07 


1 Rutgers Housing Development raw sewage. 


? Sewage dilution 1:30; four replicate samples. 
§ Sewage dilution 1:50; five replicate 300-ml. bottles for each observation period. 
* Remaining 300-ml. bottles pooled, reaerated, and redistributed; two replicate bottles used 


for each observation period. 


either approximate corrections can 
be made or the supply jug can be 
allowed to have a lower D.O. content 
by eliminating or reducing its re- 
aeration. 


Accuracy of Jug Dilution Technique 


An experiment was made to deter- 
mine the accuracy of the jug dilution 
technique and to compare it with the 
standard bottle dilution method. Raw 
sewage from the Rutgers Housing De- 
velopment sewage treatment plant was 
used for the experiment. The sample 
obtained was wash-day sewage with a 
high laundry waste concentration. 
Four replicate samples were used for 
the jug method with a 1:30 sewage 
dilution, and a= series of 300-ml. 
B.O.D. bottles were set up for the 
standard dilution method with a 1: 50 
dilution. Standard dilution water was 
used for both methods, and the mix- 
tures were made in large bottles and 
siphoned into the jugs and B.O.D. 
bottles. For the bottle dilution method 
sufficient B.O.D. bottles were used so 
that the B.O.D. could be determined 


every second day with 5 replicate sam- 
ples up to 8 days and with 2 reaerated 
replicate samples up to 19 days. 

The average results, together with 
the standard deviation and the coeffi- 
cient of variation (C, = per cent stand- 
ard deviation) for each observation pe- 
riod, are given in Table I and plotted 
in Figure 1. At the end of 19 days 
nitrites and nitrates were measured in 
both jugs and bottles and the observed 
B.O.D. values were corrected for ni- 
trification. The carbonaceous B.O.D. 
curves for both B.O.D. methods are 
also shown in Figure 1. 

Table Il gives the computed k and 
L values for the two curves for various 
observation periods. The k and L 
values were computed by the ‘‘simpli- 
fied method’’ (4) using uniform one- 
day intervals and B.O.D. values inter- 
polated from the curves of Figure 1. 

Analysis of the data shows that the 
bottle dilution and jug dilution meth- 
ods give essentially the same B.O.D. 
results. However, over the entire 
curve the B.Q.D. by the bottle dilution 
method is always slightly less than by 


My 
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7.90 | 321 3.13 0.98 ye 
: Po 2.40 Av. to 7.90 days 2.28 a 
10.3 3.00 9.92 3364 
11.1 2.99 11.96 368! 
22.2 4.83 18.96 4468 
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FIGURE 1.—Comparison of B.O.D. curves determined by bottle and jug dilution methods. 


the jug method. The average differ- 
ence is 3.3 per cent, with a range from 
0.6 to 7.5 per cent. The difference is 
small, but since it is greater than the 
standard deviation and always in the 
same direction it is probably significant. 
The difference cannot be attributed to 
reaeration of the jug dilution samples, 
because the reaeration error tends to 
make the jug dilution B.O.D. lower. 
The observed B.O.D. difference between 
the two methods may be the result of 
other sources of error, such as: 


1. Errors in the original dilutions. 
2. Better oxidation in the jugs be- 
eause of frequent mixing of the con- 


TABLE II.—-Comparison of k and L Values of 
B.O.D. Curves! Obtained by Bottle 
and Jug Dilution Methods? 


Time 


Bottle Dilution 
Interval 


Jug Dilution 
fethod Method 


Meth 


a 
a 
& 


1 From Figure 1. 
? Rutgers Housing Development raw sewage. 


tents allowing better distribution of 
biological growths. 
3. Inereased B.O.D. contributed by 
the rubber stopper used in the jugs. 
4. Errors in the relative strength of 
the thiosulfate used to titrate D.O. sam- 
ples. 


Of the errors suggested, the second 
could possibly cause the greatest dif- 
ference. The two B.O.D. curves are 
very close and the differences observed 
are more likely to be caused by the 
mixing and redistribution of the bio- 
logical growths. 


Advantages of Single Dilution 
Method 


For the laboratory investigations, 
only two jugs would be required for 
a B.O.D. test over a period of days. 
In an experiment using the jug dilu- 
tion technique it was possible to test 
7 different sewages, making 14 differ- 
ent observations over a period of 18 
days, with only 14 1-gal. jugs. If the 
same tests were made by the bottle 
dilution methods, approximately 300 
B.O.D. bottles would be required. 

The jug dilution technique has sev- 
eral advantages for many B.O.D. 
studies : 


288 

| | | | | 

ve = | k | L | k | L 

| | 276 | 0.38 | 267 
4 0.32 302 0.31 294 
a 0.29 315 0.28 307 
we | 0.24 335 0.23 325 : 
ee 0.20 353 0.19 346 : 
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1. B.O.D. measurements are all made 
from the same bottle and the same 
sewage dilution. Differences in bio- 
logical activity between several bot- 
tles do not affect B.O.D. results. This 
is particularly important when study- 
ing nitrification, bacterial numbers, 
and other phenomena related to oxygen 
utilization. 

2. Samples for other determinations 
can be taken from the same bottle used 
for D.O. measurements. 

3. The B.O.D. curves obtained are 
very smooth; B.O.D. always increases 
with time, thus simplifying analysis 
and interpretation of the data. 

4. Errors made in one observation 
are minimized because the same sam- 
ple is analyzed the next time. All ob- 
servations are thus interrelated, and 
any deviation from a smooth curve in- 
dicates a probable error in observation. 

5. Incubator shelf space required is 
small because only two jugs are used 
for each test. 


Summary and Conclusions 


A single dilution method for B.O.D. 
studies has been presented. The method 
consists of filling two 1-gal. jugs with 
the diluted mixture to be studied. The 
first jug is kept completely full and 
stoppered. Samples for dissolved oxy- 
gen measurements and any other de- 
sired analyses are siphoned from the 
first jug and replaced from the second 


jug after sampling so that the first 
jug is kept completely full and re- 


aeration is prevented. When the dis- 
solved oxygen content of the jugs is 
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near depletion, the contents are re- 
aerated and the process is continued. 
The advantages of the method are: 


1. All B.O.D. measurements are made 
on one diluted sample. 

2. Additional portions can be taken 
from the same diluted sample for other 
tests. 

3. Smoother, more easily analyzed 
B.O.D. curves are obtained than with 
the standard bottle dilution method. 

4. Less incubator space is required, 
because long-range B.O.D. studies can 
be made with only two 1-gal. jugs in- 
stead of a large number of individual 
B.0.D. bottles. 
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SEWAGE TREATMENT AND THE VIRUS OF 
POLIOMYELITIS 


By Vira. W. LANGworTHY 


Research Chemist, The Chlorine Institute, Inc., New York, N. Y. 


The year 1952 saw the highest num- 
ber of poliomyelitis cases on record 
(1). This review presents information 
relative to poliomyelitis and the sew- 
age treatment process. As a guide to 
those individuals responsible for sew- 
age treatment plant operation and de- 
sign, emphasis is placed on critical 
analysis of available data. 

Subsequent to the isolation of the 
poliomyelitis virus from the stools of 
infected patients, Paul and Trask (2) 
reported in 1942 the isolation of the 
virus from sewage. Their findings in- 
cluded the information that (a) the vi- 
rus is present in sewage only when high 
case incidence exists and (b) the pres- 
ence of the virus could at that time 
be detected downstream from treat- 
ment plant outfalls. Confirmation of 
the presence of poliomyelitis virus in 
sewage exists as a result of work in 
Stockholm (3), which demonstrated 
that monkeys inoculated with sewage 
evidenced the typical paralytic infec- 
tion. 

That the activated sludge process re- 
duces virus concentration was reported 
in 1943 by Carlson, Ridenour, and Me- 
Khann (4). Their results disclosed 
that activated sludge liquor containing 
1,100 p.p.m. suspended solids, aerated 
for 6 hr., largely removed the virus 
from the supernatant liquor. They in- 
dicated that ‘‘heavier concentrations 
of sludge with longer aeration periods 
largely eliminate infectivity’’ for mice 
injected intracerebrally. Carlson and 
McKhann (5) demonstrated the pres- 
ence of an ‘‘antiviral substance”’ in ac- 
tivated sludge. 


Epidemiology 


Research has been conducted by 
Langmuir to establish the mode of 
transmission of the disease (6). Sus- 
picion has been cast toward milk, wa- 
ter, sewage, fruit, vegetables, and in- 
sects at various times and by numerous 
individuals. Maxey (7)(8) considers 
water supplies unlikely agents in the 
transmission of poliomyelitis. He 
points out that the personal contact 
theory may have application, stating 
‘‘This concept is adequate to explain 
all of the known observations on the 
epidemiological distribution and char- 
acteristics of the disease.”’ He does 
not disregard other means of transmis- 
sion as being contributory, however. 
Nevertheless, he emphasizes that the 
failure of poliomyelitis to spread 
rampant, as did typhoid fever, practi- 
cally eliminates it as a waterborne 
disease. 

The fact remains, however, that sup- 
pression of poliomyelitis has not yet 
occurred. There is one pertinent fac- 
tor on which virologists and epidemi- 
ologists agree—the consistency with 
which poliomyelitis seems to avoid fall- 
ing into patterns normal to other trans- 
missible diseases. Clinical manifesta- 
tions of the vary from the 
usually unrecognized carrier to the 
bed-ridden paralytic. Aborted polio- 
myelitis cases occur in far greater num- 
bers than the total number of para- 
lytie cases reported (2). 


disease 


Chlorine and Poliomyelitis 


Investigations have been carried out 
to determine what effect, if any, con- 
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ventional chlorination procedures have 
on the virus of poliomyelitis. Kempf 
and Soule (9) in 1940 studied the 
effect of residual chlorine present in 
city water on a suspension of the virus. 
Inactivation of the virus failed to occur 
in water containing concentrations of 
0.5 p.p.m. residual chlorine with 1.5 
hr. contact. The probability exists 
that the residual chlorine existed as 
combined chlorine, since the work of 
Ridenour and Ingols (10) and of 
Lensen and his co-workers (11) dem- 
onstrates conclusively that free chlo- 
rine residuals as low as 0.1 p.p.m. with 
30-min. contact effectively inactivate 
the virus. 

It should be noted that these experi- 
ments were carried out with water. 
The presence of great quantities of 
organic matter in sewage and sewage 
plant effluent would render the estab- 
lishment of free residual chlorine diffi- 
cult indeed. The work of Lensen and 
associates (12) led them to believe 
‘‘that the virucidal action of mixed 
residuals can be attributed entirely to 
the free chlorine only in case of 
such very low (less than 0.3 p.p.m.) 
residual chloramine values. In the 
presence of higher chloramine values 
the possibility of a combined action of 
free chlorine and chloramine should 
not be exeluded.’’ Their investiga- 
tions disclosed that a free chlorine 
residual as low as 0.05 p.p.m. plus 0.45 
p-p.m. chloramine at pH 6.85 to 7.4 
effectively inactivated the virus after 


. Associated Press Release, ‘‘Polio In- 
erease Continues.’’ New York Times 
(Sept. 26, 1952). 

. Paul, J. R., and Trask, J. D., ‘*Occur- 
rence and Recovery of the Virus of 
Infantile Paralysis from Sewage.’’ 
Jour. Amer. Pub. Health Assn., 32, 
235 (1942). 

3. Anon., ‘*Poliomyelitis Virus in Sewer 
Water.’’ Jour. Amer. Med. Assn., 114, 
2232 (1940). 

4. Carlson, H. J., Ridenour, G. M., and 

McKhann, C. F., ‘‘Effect of the Acti- 

vated Sludge Process of Sewage Treat- 


to 


References 


SEWAGE TREATMENT AND POLIO 291 


10-min. contact. Significantly, they 
showed decreasing effectiveness of the 
free chlorine residual at a higher pH 
range (pH 8.95 to 9.25), the virus re- 
maining active after 1-hr. contact. 


Discussion 


The inactivation of poliomyelitis vi- 
rus in sewage plant effluent really in- 
volves two questions—one, of possibil- 
ity; the other, of necessity. 

It is very likely that inactivation of 
the virus in sewage could be accom- 
plished. The control of certain fac- 
tors, such as contact time and the 
maintenance of appropriate chlorine 
residuals, would be essential. 

The need for inactivation of the 
poliomyelitis virus in sewage plant 
effluent is doubtful. It is submitted 
that, until specialists in virology and 
epidemiology can specifically point to 
poliomyelitis as a waterborne disease, 
sewage treatment plant operators 
should concern themselves with im- 
provements in normal plant operation. 
That disinfection procedures can be 
improved has been reported by Pierce 
(13), whose work involving two-stage 
chlorination definitely shows the pro- 
cedure to have promise where rigid 
coliform density control is required. 
The growing programs of pollution 
abatement, narrowing the acceptable 
limits of plant effluent as they do, give 
added emphasis to the necessity of im- 
proved disinfection procedures. 


ment on Poliomyelitis Virus.’’ Jour. 
Amer. Pub. Health Assn., 33, 1083 
(1943). 

5. Carlson, H. J., and MeKhann, C. F., 
**Removal of Poliomyelitis Virus from 
Sewage by the Activated Sludge Proe- 
ess and the Separation from Sludge 
of an Antibacterial and Antiviral Sub- 
stance.’’ Jour. Amer. Pub. Health 
Assn., 33, 1347 (1943). 

6. Langmuir, A. D., ‘‘Carriers and Abortive 

Cases in a Rural Poliomyelitis Out- 

break.’’ Jour. Amer. Pub. Health 

Assn., 32, 275 (1942). 


4 
; 
: 
3 
4 
4 
q 
| 


SEWAGE AND INDUSTRIAL WASTES 


7. Maxey, K. F., ‘‘Hypothetical Relation- 
ship of Water Supplies to Polio- 
myelitis.’’ Jour. Amer. Pub. Health 
Assn., 33, 41 (1943). 

8. Maxey, K. F., ‘‘Supposed Involvement of 
Water Supplies in Poliomyelitis Trans- 
mission.’’ Jour. Amer. Water Works 
Assn., 41, 696 (1949). 

9. Kempf, J. E., and Soule, M. H., ‘‘ Effect 
of Chlorination of City Water on the 
Virus of Poliomyelitis.’’ Proc. Soc. 
Exper. Biol. and Med., 44, 431 (1940). 

10. Ridenour, G. M., and Ingols, R. 8., ‘‘In- 
activation of Poliomyelitis Virus by 


March, 1953 


‘Free’ Chlorine.’?’ Jour. Amer. Pub. 
Health Assn., 36, 639 (1946). 

. Lensen, S. G., Rhian, M., and Stebbins, 
M. R., ‘‘The Inactivation of Partially 
Purified Poliomyelitis Virus in Water 
by Chlorination.’’ Jour. Amer. Water 
Works Assn., 38, 1069 (1946). 

. Lensen, 8S. G., Rhian, M., and Stebbins, 
M. R., ‘Inactivation of Partially Puri- 
fied Poliomyelitis Virus in Water by 
Chlorination. II.’’ Jour. Amer. Pub. 
Health Assn., 37, 869 (1947). 

3. Pierce, D. M., ‘‘Two-Stage Chlorination 
—An Effective and Practical Method 
of Sewage Disinfection.’’ THis Jour- 
NAL, 24, 8, 929 (Aug., 1952). 


9 


1952 FOURTH QUARTER CONSTRUCTION APPROVALS 


Approval of 463 water and sewage 
construction projects with a total value 
of $124,994,000 in the fourth quarter 
of 1952 was recently announced by the 
Water Resources Division, National 
Production Authority. All of the 
projects were granted construction per- 
mits and received allotments of con- 
trolled materials. 

Of the total, 160 projects were for 
sewage works valued at $82,529,000, 
including estimated costs of all ma- 
terials, labor, and engineering. Au- 
thorized approvals declined 
from 253 in the third quarter, 308 in 
the second quarter, and 597 in the first 
quarter. 


sewage 


Controlled materials allotted by the 
Water Resources Division in the fourth 
quarter of 1952 totaled 123,635 tons 
of steel, 2,177,279 lb. of copper, and 
119,818 lb. of aluminum. 

New Jersey headed the fourth quar- 
ter construction approvals with the 
greatest dollar value ($17,011,440), al- 
though California had the greatest 
number of projects approved. The 
Pacific state’s 65 approved jobs had an 
estimated aggregate cost of $11,670,000, 
whereas New Jersey had a total of 
only 7 projects authorized. Texas 
ranked second in dollar value, with 
$15,051,600 for 45 projects. 


i. 
1 


It is a well-known fact that, in the 
determination of the biochemical oxy- 
gen demand, the use of seeded dilution 
water having an appreciable B.O.D. of 
its own results in increasing B.O.D. 
values with decreasing concentration of 
waste. Whipple (1) said: 


When the oxygen demands of different 
concentrations are used to calculate the de- 
mand of the undiluted sample a series of 
different values often results. Usually the 
highest concentrations give the lowest val- 
ues. This seeming inconsistency was in- 
vestigated by Theriault and Hommon, who 
showed that the results obtained by incubat- 
ing different concentrations eould be harmo- 
nized if the concentrations were increased 
by a constant. The error was ascribed to 
a greater oxygen demand of the diluting 
water when incubated with waste or sewage 
than when incubated as a blank. The pro- 
cedure that was proposed to allow for this 
was the use of diluting water that has been 
stored until its oxygen demand is less than 
0.6 p.p.m. If such water is not used the 
results from various concentrations may be 
corrected by the differential method that 
cancels out the error common to all econcen- 
trations. Each concentration is subtracted 
from the higher concentrations to obtain 
a corrected concentration factor, and each 
depletion, without allowance for a water 
blank depletion, is subtracted from the 
higher depletions to obtain corrected values. 
When the oxygen demand of the sample is 
calculated from these results all concentra- 
tions will be in close agreement, provided 
the tests have been carried out accurately. 


From the paper by Theriault and 
Hommon (2), referred to by Whipple, 
the following may be quoted: 


It is possible, however, that the oxygen 
demand of the diluting water is not the 
same by itself (in the blanks) as in the dilu- 


COMPUTATIONS OF B.O.D. FOR SEEDED SAMPLES 
OF HIGH DILUTION 
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tions. A plausible explanation of this lies 
in the fact that the organie matter in the 
diluting water is already highly oxidized 
and is subjected to the action of but small 
numbers of attenuated bacteria; in the dilu- 
tions, however, this organie matter is sub- 
jected to the action of a greater variety of 
less attenuated bacteria. If this be the true 
explanation, the use of the diluting water 
having no oxygen demand would eliminate 
errors of this sort. This has been found to 
be the case and is the basis of the method at 
present used. 


The fact that an incorrect, too low 
value of the B.O.D. of the blank will re- 
sult in increasing values of the B.O.D. 
of the waste with decreasing concentra- 
tions can readily be demonstrated. <As- 
sume a certain waste having an actual 
B.0O.D. of 600 p.p.m. and a diluting 
water which, in connection with the 
waste, has a B.O.D. of 0.8 p.p.m. As- 
sume further that three different con- 
centrations have been used—namely, 
1: 100, 1: 200, and 1:400 (that is, 0.01, 
0.005, and 0.0025 )—and that the B.O.D. 
of the diluting water as a blank has 
been determined as 0.4 p.p.m. The re- 
sulting depletions of the three samples 


TABLE I.—Theoretical Depletions for B.O.D. 

Determinations of Various Concentrations and 

the Calculated B.O.D. of a Waste Having an 

Actual Value of 600 P.P.M., When the B.O.D. 

of the Diluting Water, Actually Being 0.8 

P.P.M., Has Been Determined To Be 0.4 
P.P.M. As a Blank 


Concen- 

‘ Calculated 
tration | Dilu- | Theoretical Depletions | B.O.D of 
Sample | Factor (p.p.m.) 
(p.p.m.) 
0.01 100 |08+0.01 X600 =6.8| 6.4 x100 =640 
0.005 200 |08+0.005 X600 =3.8 | 3.4 X200 =680 
0.0025 400 |0.8+0.0025 X600 =2.3 | 1.9 X400 =760 
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are shown in Table I, Column 3. The 
depletions, when corrected for the 
B.O.D. of the blank, will be 0.4 p.p.m. 
less. Calculations of the B.O.D. of the 
waste will result in values according to 
Column 4, Table I, instead of the ac- 
tual value of 600 p.p.m. 

In all three concentrations, the inac- 
curacy of the values obtained is caused 
by the constant error of using 0.4 
p.p.m. instead of the correct value of 
0.8 p.p.m. for the blank. Concerning 
this, Theriault and Hommon (2) state: 


It is evident that any constant common to 
each concentration would cancel out if the 
concentrations were subtracted from each 
other. . . . In this manner any constant 
error would cancel out. In practice this 
method is quite cumbersome, since three 
concentrations must be incubated to derive 
two independent values. Moreover, the de- 
pletions must be such that the values ob- 
tained by their subtraction are quite large 
or else the percentage error is great. 


Applied to the case chosen in Table 
I, this procedure would mean that two 
independent pairs of values are ob- 
tained by subtracting the correspond- 
ing depletions and _ concentrations. 
Subtracting No. 2 from No. 1, the de- 
pletion is 6.8 — 3.8 = 3.0 p.p.m. and the 
concentration is 0.010 — 0.005 = 0.005 
(that is, 1:200). Similarly, combining 
No. 2 and No. 3 gives 3.8 —2.3=1.5 
and 0.0050 — 0.0025 = 0.0025 (1: 400). 
The calculated B.O.D. of the waste 
becomes 200 X 3.0=600 p.p.m., or 
400 xX 1.5 = 600 p.p.m., which is the 
correct value for both combinations. 


Suggested Procedure 


The error resulting from the conven- 
tional method of calculating the B.O.D. 
of a waste increases with increasing 
B.O.D. of the blank and with increas- 
ing dilution of the sample. To elimi- 
nate this error as far as possible, it is 
generally recommended (3) that a di- 
luting water with a 5-day B.O.D. of 
not more than 0.2 p.p.m. be used. Oc- 
easionally, however, samples must be 
seeded and low concentrations must be 
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used. Under such circumstances any 
direct determination of the B.O.D. of 
the blank should be avoided in order 
not to introduce a systematic error in 
the determinations. If the oxygen de- 
mand of the diluting water is lower 
when incubated alone as a blank than 
in the presence of the waste, why not 
actually determine it under these latter 
conditions? Moreover, the B.O.D. of 
the blank will rarely exceed a value of 
1 p.p.m. For an ordinary B.O.D. de- 
termination, a depletion of 1 p.p.m. is 
so small that, according to ‘‘Standard 
Methods’’ (3), the result should be con- 
sidered unreliable. It does not seem 
quite reasonable to use such an unreli-. 
able value for the blank in computing 
the B.O.D. of the sample. 

As a matter of fact, the preparation 
and B.O.D. determination of a blank 
are unnecessary provided that at least 
two suitable determinations with differ- 
ent concentrations of the waste in ques- 
tion have been incubated. In that case, 
the following system of equations may 
be obtained, through which the B.O.D. 
of the waste, as well as that of the dilut- 
ing water, may be computed. 


Le = L») (1) 
Ly = n(Dz — Ls) (2) 


where 


Ly» = the B.O.D. of the waste; 
L, = the B.O.D. of the diluting 


water; 

D, and D; = determined oxygen 
depletions; and 

and = corresponding dilution 


factors (that is, the reciprocals of 
the concentrations of the samples; 
see Table I). 


Solving L., and L, from Eqs. 1 and 2, 
gives 
non (D, 


Lo = (3) 
Ne — ny 
— D 
Ly = (4) 
No — ny 


Applying the values for the first two 
concentrations in Table I to Eqs. 1 and 
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2, gives 
Ly = 100 (6.8 — Lo) (5) 
Ly = 200 (3.8 — Le) (6) 


hence L, = 600 p.p.m. and L, = 0.8 
‘p.p.m. 


In cases where seeding is required 
and the concentration of waste is low, 
the B.O.D. of a sample may thus be 
easily and accurately determined by 
using two or more different dilutions 
which give suitable depletions. The 
incubation of the blank may be elimi- 
nated. The B.O.D. of the waste is then 
calculated by Eq. 3, and if the B.O.D. 
of the diluting water is wanted it may 
be calculated by Eq. 4. When more 
than two dilutions of suitable deple- 
tions are available, the system of equa- 
tions will be over-determined. If its 
solution is carried through with due 
adjustment of all available values, this 
will lend further accuracy to the result- 
ing B.O.D. The procedure could be ap- 
plied in the same way to other diluting 
waters of insufficient stability, such as 
stream water. 


Illustrative Example 


The suggested procedure may be fur- 
ther illustrated by the example in 
Table II, selected from the determina- 
tion of the immediate and 5-day B.O.D. 
values of an industrial waste. 

The value of the dissolved oxygen of 
the dilution water being 7.5 p.p.m., the 
immediate oxygen demand of the waste 
is caleulated as 50 p.p.m. A computa- 
tion of the 5-day B.O.D. of the waste 
in the conventional way, using the 
B.O.D. of the blank (0.3 p.p.m.), gives 
for the different concentrations the 
values of 250, 280, 300, and 400 p.p.m. 
However, according to Eqs. 1 to 4, the 
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TABLE II.—Dissolved Oxygen Content Values 

Obtained, for Various Concentrations Prepared 

from Seeded Diluting Water, in Determination 

of Immediate and 5-Day B.O.D. Values of an 
Industrial Waste 


a Diss. Oxygen Content (p.p.m.) 


of Sample a 

oon After 15 Min. | After 5 Days 
0.02 50 6.6 1.4 
0.01 100 7.0 3.9 
0.005 200 7.2 5.4 
0.002 500 7.4 6.3 
0 (blank) —_ 7.5 7.2 


B.0.D. of the waste is calculated to be 
240 p.p.m., and that of the diluting wa- 
ter 0.6 p.p.m. 


Summary 


When seeded diluting water and low 
concentrations of samples are used, the 
B.O.D. of a waste should be determined 
from at least two different dilutions, 
giving suitable depletions of oxygen 
during incubation. In this way a sys- 
tem of equations similar to Eqs. 1 and 
2 is obtained, from which the B.O.D. of 
the waste, as well as that of the diluting 
water, may be caleulated. The calcula- 
tion of corrected depletions from B.O.D. 
values of an incubated blank of the 
diluting water should be avoided. 
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Industrial Wastes 


The battle against losses in essential 
materials in the rayon and cellophane 
businesses has been going on since 
those products were first manufac- 
tured on a commercial scale. The fact 
that these products are sold today in 
huge quantities at reasonable prices 
testifies that strict attention has been 
paid to efficient use of raw materials. 
It is safe to say that less rayon and 
cellophane would be sold today if re- 
duction and recovery of wastes had not 
been practiced. 

This paper discusses some of the 
more important steps that have been 
taken in the viscose rayon and cello- 
phane processes of the Du Pont Com- 
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pany to keep the discharge of waste 
products within bounds. 


Manufacturing Process Steps 


A short discussion of the major steps 
in the manufacturing processes is in 
order. Purified cellulose, in the form 
of cotton linters and wood pulp, is first 
steeped in caustic soda of about 17 per 
cent strength. The resulting alkali 
cellulose is reacted with carbon disul- 
fide in large mixing vessels called 
barattes or churns (see Figure 1). 
The cellulose xanthate formed during 
this treatment is mixed with water and 
caustic solution to form thick, 
viscous, clear dispersion, which is 
ripened to the proper extent to permit 
spinning or casting. 

For rayon manufacture the viscose 
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FIGURE 1.—Process flow sheet for manufacture of viscose rayon. 
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is forced through spinnerettes into a 
coagulating bath of sulfuric acid, and 
thence by way of guides and wheels to 
centrifugal buckets, which collect a 
certain amount of the twisted threads 
into a cylinder called a ‘‘cake.’’ This 
cake passes through washing, bleach- 
ing, finishing, and drying operations 
before it can be shipped. 

In making cellophane, the viscose 
solution is forced through a long thin 
slot to form a continuous film. This 
film also enters a sulfurie acid bath, 
where regeneration of cellulose occurs. 
The film passes continuously through 
several tanks for washing, bleaching, 
and softening, then is dried and rolled 
up on large rolls for further proces- 
sing. 

In both the rayon and cellophane 
processes, the caustic in the viscose is 
neutralized and extracted from it by 
the sulfuric acid during the step known 
as coagulation or regeneration. The 
sodium sulfate resulting from the neu- 
tralization remains in solution in the 
coagulating bath. 


Sources of Wastes 


The first source of waste in either 
process is discarded viscose, which 
comes from the cleaning of presses, the 
starting up of spinning or casting ma- 
chines, and the occasional discarding 
of a sub-standard batch. Another 
source of waste material is the dialyzer 
solution from the rayon process, which 
contains some caustic and the bulk of 
the hemi-cellulose originating in the 
starting material—wood pulp or cot- 
ton. 

Coagulating bath finds its way to the 
sewer in a number of ways. In the 
cellophane washtanks, it is discarded 
to keep the sodium sulfate content of 
the bath at the proper level. In the 
rayon process, the cakes remove some, 
some leaves with the erystallized so- 
dium sulfate, evaporator entrainment 
causes some loss, bath filter backwash- 
ing accounts for more, and some enters 
the sewer from sources that can only be 
classed as miscellaneous. The bath lost 
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to the sewer carries with it sodium 
sulfate, sulfuric acid, sulfur, glucose, 
and, in some cases, zine sulfate. 

Partially regenerated viscose is lost 
to the waste waters during machine 
start-ups and whenever trouble with 
spinnerettes is experienced. Not all 
of this material reaches the receiving 
waters, as a lot of it collects in sumps 
and manholes, which are cleaned pe- 
riodically. 

Finishing oils of various kinds are 
used to condition the yarn for further 
processing by weavers and other fabric 
producers. Some of these oils are wa- 
ter-soluble and reach the receiving wa- 
ters in the wash waters following the 
finishing oil treatment. 

In the cellophane process, solvents 
are used in the coating-solvent recovery 
operations. A small amount of these 
solvents are a source of B.O.D. in the 
wastes. 

Other waste products, such as cin- 
ders and fly ash from the powerhouses, 
as well as lubricating oils, must be 
reckoned with. Sanitary sewage is, of 
course, the commonest waste and one 
which can easily be overlooked in an 
industrial plant. 


Rayon Practices 


The principal ingredients of the co- 
agulating bath are sulfurie acid, glu- 
cose, zine sulfate, sodium sulfate, wa- 
ter, and by-products produced by the 
coagulation of the viscose in the bath. 
The continuous formation of sodium 
sulfate prevents the addition of more 
sulfuric acid to the bath to permit 
its re-use directly. The build-up of 
salt cannot be tolerated beyond the 
point where crystallization occurs, be- 
cause the crystals interfere with the 
spinning process. When the process 
first went into use, it was the practice 
to throw the bath away when the 
sodium sulfate content became too high. 
It was not long, however, before it was 
realized that the bath contained valu- 
able constituents, which could be saved. 
The installation of evaporators and 
erystallizers was a natural outcome of 
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this realization. Both water and 
sodium sulfate are removed, because 
both show an increase during use of 
the bath. Since that time, pollution 
control efforts have been directed to- 
ward the elimination of all bath losses 
and toward an increase in the quantity 
of bath sent to the evaporators. To 
this end, all sources of leaks in troughs, 
pump glands, and handling equipment 
are watched carefully to prevent dis- 
charges to the sewers. 

Filters have been installed to remove 
solid impurities from the bath and 
thereby permit more bath to be sent 
to the recovery system. Initially, the 
filters were backwashed with water as 
soon as their capacity dropped to a 
specific point and the contents of the 
filters were dumped to the sewer. Now 
they are given a careful displacement 
wash before being backwashed and the 
initial contents are sent to the recovery 
system. 

Such minor items as evaporator en- 
trainment losses and bath losses due to 
incomplete washing of crystallized so- 
dium sulfate have been studied re- 
cently. Improvements in evaporator 
design have decreased entrainment 
losses almost to the vanishing point. 
Improved crystal washing methods now 
being worked out are expected to re- 
cover some bath now sent to the sewer 
with the crystals. 

The principal reason for adding glu- 
cose to the coagulating bath is to pre- 
vent crystal formation on certain parts 
of the spinning machines. Glucose lost 
to the sewer adds B.O.D. to the plant 
effluent. With this in mind, studies 
have been undertaken which have re- 
sulted in a 50 per cent decrease in 
glucose consumption since 1937. 

Caustic soda is used for steeping the 
wood pulp and cotton linters as the 
first step toward making viscose. Dur- 
ing this steeping operation, hemi-cellu- 
lose is removed from the wood pulp. 
The hemi-cellulose has a substantial 
B.0O.D. value and is an undesirable 
impurity in the steeping liquors. It 
must be removed from the spent caustic 
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solution before that solution can be 
mixed with fresh caustic for further 
use in steeping. The caustic is puri- 
fied by dialysis; the bulk of the hemi- 
cellulose with a small amount of caustic 
is run to the sewer. This waste liquor 
is one of the principal sources of B.O.D. 
of the rayon plant effluent. 

A great deal of study has been given 
to the problem of reducing the amount 
of hemi-cellulose sent to the sewer. At- 
tempts to convert it to a usable ma- 
terial or to extract it for disposal by 
burning or other means have been un- 
successful. The most effective means 
so far uncovered has been the efforts of 
pulp suppliers to increase the usable 
cellulose in their products. As the re- 
sult of improvement in purity, the 
amount of hemi-cellulose sent to the 
sewer has decreased about 40 per cent. 

Although sodium sulfate is not con- 
sidered a polluting material in the 
amounts discharged from any of the 
Du Pont plants, many attempts have 
been made to utilize it in some measure. 
One outlet has been very successful, 
even though the amount of sodium 
sulfate consumed is relatively small. 
That is the substitution of the sodium 
sulfate for sodium chloride in the re- 
veneration of the water softeners. It 
is true that the sulfate finds its way 
to the river just the same, but the 
discharge of a comparable quantity of 
chloride is prevented and the soluble 
salts reaching the river are therefore 
less. Water softeners at the Du Pont 
rayon plants have been regenerated 
that way for several years. 

There is a constant demand for so- 
dium sulfate in the paper industry, but 
it is preferred in the anhydrous con- 
dition (salt cake). The material pro- 
duced in a rayon plant is Glauber’s 
salt, with 10 molecules of water of 
crystallization. In normal times it is 
uneconomical to make the anhydrous 
salt by heating the Glauber’s salt. Dur- 
ing World War II, however, salt cake 
became very scarce and the paper in- 
dustry would take any kind of sodium 
sulfate it could get. It was possible 
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for the rayon plants, at that time, to 
sell all of their Glauber’s salt at an 
attractive price without even drying it. 
The situation has now reverted to 
normal. 


Cellophane Practices 


The manufacture of cellophane is on 
a continuous basis. The same approach 
to sewer losses has been used as was 
used in the rayon process. Every ef- 
fort has been made to prevent leaks 
and to retain as much coagulating bath 
in the system as possible. 

Washing of the cellophane film has 
become more efficient, with efforts 
aimed at keeping water out of the bath. 
This serves to retain the free acid in 
the bath system where it is useful. A 
recirculating system has been devised 
whereby the acid strength can be more 
closely controlled at the minimum con- 
centration. This helps to reduce the 
amount of acid sent to the sewer. 

Evaporators have been installed to 
remove water from the bath, thereby 
permitting greater re-use of the acid. 

As the cellophane sheet moves con- 
tinuously through the system, it tends 
to carry a substantial amount of liquid 
from one tank to another. Many dif- 
ferent types of scrapers have been tried 
to prevent this carryover or drag- 
out. They have been perfected to the 
point where very little loss occurs from 
this cause. In certain purification 
tanks the temperature of the solution 
has been raised in order to decrease 
viscosities and thereby make the scrap- 
ing job more effective. 

The ingredient in the softener baths 
is generally glycerin or ethylene gly- 
col, both of which have substantial 
B.O.D. values. The concentration of 
these ingredients must be carefully 
controlled. Many years ago, the water 
dragout from a previous tank diluted 
the softener solution so that some of 
it had to be discarded continuously. 
In studying this problem, it was found 
that water removal could be effected 
by evaporation to permit bath re-use. 

Nitrocellulose is one of the materials 
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used to coat the cellophane sheet. It is 
normally shipped in an alecohol-wet 
condition. The nitrocellulose is dis- 
solved in a solvent before being ap- 
plied to the cellophane and the alcohol 
becomes a part of the coating solution. 
The solvent is a mixture suitable for 
the solids used, and usually contains 
some alcohol and acetic ester. 

When the film is passed through the 
drying tower, the solvents are removed 
from it by contact with hot air. To 
prevent atmospheric pollution and to 
save the solvents, the air is passed 
through activated carbon absorbers. 
Solvent is recovered from the carbon 
by steaming and the condensate then 
undergoes recovery by distillation. 

It was found that hydrolysis of the 
acetic esters to acetic acid and alcohol 
could be minimized by more frequent 
steaming of the absorbers; therefore, 
this is done. The amount of solvent 
recoverable can be influenced by sev- 
eral factors, which have received care- 
ful study. In some eases, the solvent 
enters into side reactions and by-prod- 
ucts are formed which defy recovery. 
Solvents are selected which do not have 
this undesirable characteristic. 

Finally, ethyl alcohol is recovered 
from the solvent area wastes in a special 
still, which yields the alcohol in a de- 
natured condition. In other words, the 
impurities acceptable to the Federal 
inspectors as denaturants are not re- 
moved. The alcohol can be shipped to 
a licensed denaturing plant, thus 
eliminating a corresponding amount of 
B.O.D. from the river. 


General Practices 


The greatest loss in viscose used to 
be that from starting up casting and 
spinning machines. The process of re- 
moving cakes from the spinning ma- 
chines was also attended by a loss of 
partially coagulated viscose, because 
the machines cannot be shut down dur- 
ing the cake removal or ‘‘doffing’’ 
operation. The viscose loss during a 
cellophane machine start-up is now col- 
lected and returned to storage. The 
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main loss is from pump glands and 
from the residue left in the filter 
presses. Most of these losses are col- 
lected before they ever reach the sewer 
and the material is transported to the 
plant dump. 

The loss in viscose during the process 
of cake removal on a rayon spinning 
machine can be a large one if the 
operator is careless. A good operator 
will see that no viscose gets into the 
sewer system because of ‘‘doffing,’’ be- 
cause he simply transfers the threads 
to a feed wheel, where they collect 
while he removes the finished cake. 
The feed wheel wraps are then removed 
as small hanks and are processed for 
sale as a special product. 

In line with the policy of keeping 
waste viscose out of the sewers and 
the rivers, are the methods used to 
keep other materials in their proper 
places. Oils used in the process or 
for purposes of lubrication are col- 
lected and re-used or sent to the plant 
dump. The Old Hickory plant has 
recently installed an elaborate system 
for collecting and disposing of lubri- 
cating oils from the ammonia refrigera- 
tion system. 

Cinders and fly ash are removed 
from the powerhouse gases and are 
settled out in conventional ponds, or 
are loaded in hopper cars for transfer 
off the plant grounds. The solids dis- 
charge to the river is improved thereby. 

Some wonder may be expressed at 
repetition of such obvious facts in con- 
nection with the reduction of wastes. 
But the story should not be passed by 
without a closer look. The changes to 
equipment and to methods of operation 
sound exceedingly simple when dis- 
cussed after the fact and away from 
the scene of operations. The truth is, 
however, that a tremendous amount of 
time and energy and a lot of money 
went into the solution of these prob- 
lems. Quite frequently, the losses 
which are most obvious to the plant 
man are the most difficult ones to cor- 
rect. There have been many oppor- 
tunities for people to say, ‘‘Why didn’t 
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TABLE I.—Raw Materials Consumption at 
Old Hickory, Tenn., Rayon Plant 


Lb. per Lb. | Reduc- 
Material Year of Rayon tion 
Production (%) 
Glucose 1929 0.31 
1951 0.06 81 
Zinc sulfate 1929 0.086 
1951 0.028 67 
Sulfuric acid 1929 1.77 
1951 1.39 21 
Caustic soda 1929 1.17 
1951 0.92 21 


I think of that?’’ The fundamental 
advantage of the method of waste re- 
duction described is that it has been 
possible to increase production at all of 
the company’s plants through the years 
without a corresponding increase in the 
amount of wastes. 

Table I shows that large reductions 
have been made in unit consumptions 
of glucose and zine sulfate. The mag- 
nitude of the reduction becomes more 
apparent when it is considered that 
the production of rayon has increased 
more than three times in the 22 years 
covered by the table. It is apparent 
that smaller reductions in sulfuric acid 
and caustic consumptions have been 


TABLE II.—Plant Effluent Analyses at 
Spruance, Va., Rayon Plant 


Material | Period Reduction 

Zine sulfate | 1950—Ist half Base 
1950—2nd half 8.5 

1951—Ist_ half 30.2 

1951—2nd half 37.9 

1952—Ist half 39.9 

B.O.D. | 1950—2nd half Base 
} 1951—Ist half 16.6 

1951—2nd half 26.7 

1952—lIst_ half 21.1 

Sulfurie acid 1950—lIst half Base 
1950—2nd half 17.3 

1951—Ist_ half 27.4 

1951—2nd half 25.0 

1952—Ist_ half 41.2 
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made, since they are more closely tied 
in with production. 

The data of Table II are of recent 
origin. The waste reduction program 
at Spruance, Va., has been given new 
impetus by the successful functioning 
of the Virginia State Water Control 
Board. The Board usually requests 
improvement in effluent quality in some 
degree whenever a permit request is 
made for higher production of rayon 
or cellophane. So far, the lower quotas 
have been met without resorting to 
treatment of the over-all waste. It is 
sincerely hoped that that state of af- 
fairs will continue, although the situa- 
tion gets tighter all the time. 


Treatment a Last Resort 


The key to the whole waste reduc- 
tion program is a management ear- 
nestly desirous of reducing pollution 
by all reasonable means and the setting 
up within the plants of waste recovery 
groups that really feel they have an 
important job to accomplish. One of 
the functions of these groups is to 
create a desire on the part of the oper- 
ators and foremen to see the waste re- 
duction program succeed. Until the 
man who turns the valves sees the pic- 
ture clearly, the whole program fails. 
When efforts to get the job done by 
process improvements fail, it is neces- 
sary to resort to waste treatment— 
usually at greater cost. It is the au- 
thor’s philosophy that treatment should 
be a last resort and not the first thought 
of the waste disposal engineer. Treat- 
ment is expensive and rarely do the 
products of treatment yield monetary 
returns. 

The Du Pont Company operates 
plants on three sites at which rayon 
and cellophane are sister products; on 
the James River in Virginia, on the 
Cumberland River in Tennessee, and 
on the Niagara River in New York. It 
is fortunate that these are all fairly 
large rivers, comparatively speaking. 
They all have sufficient alkalinity to 
absorb the free acid in the plant efflu- 
ents without damage to water quality 
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or to downstream consumers. They all 
have flows large enough to receive the 
other alien factors, such as B.O.D., 
sulfates, and some colloidal sulfur, 
without being inordinately affected for 
subsequent use. These plants are also 
fortunate in being located in states 
where the officials administering the 
anti-pollution laws are both sensible 
and fair in their dealings with industry 
and industrial effluents. They sub- 
scribe, and rightly so, to the theory 
that a body of water is polluted only 
when it receives too much of an alien 
substance. There is, of course, ample 
opportunity for argument on the ques- 
tion of what constitutes too much. The 
important thing is to agree that the 
particular river or body of water has 
a self-purifying capacity, which should 
be utilized to the greatest benefit of all. 

This does not mean that the indus- 
trialist should be favored over the 
municipality, or that one industry 
should be favored over another. It 
simply means that the treatment ca- 
pacity of the waters should be appor- 
tioned fairly among those who need it 
in order that all may benefit from re- 
duced costs. There are some people 
naive enough to believe that when in- 
dustry is forced to spend large sums 
for waste treatment it does not con- 
cern them. The bill that industry has 
to pay for waste treatment, they be- 
lieve, comes from some _ intangible 
source that will only succeed in reduc- 
ing profits which are already too high. 
These same people are keenly aware 
of the cost of municipal sewage treat- 
ment when their tax bill stares them 
squarely in the face. The facts of the 
matter are simple, however, and any 
unbiased observer can understand 
them. Industry as a whole must earn 
a reasonable rate of return on its en- 
tire investment, whether it is lodged in 
real estate, buildings, manufacturing 
equipment, or waste treatment units. 
Operating expenses, which are made up 
of costs for raw materials, labor, utili- 
ties, packages, ete., are deducted from 
revenue before taxes and net profit. 
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If costs for waste treatment or disposal 
are incurred, these too must come out 
of gross income. If the amount re- 
maining after taxes is not enough to 
yield a reasonable return on the entire 
investment, the plant or industry must 
raise the price of its product or it must 
go out of business. In any event, some 
segment of the population must foot 
the bill. All people are a part of the 
picture and all must pay a fair share 
for pollution abatement. That cost 
cannot always be seen as clearly as the 
municipal tax bill or sewer rental 
charge, but it’s there just the same. 
This is not an argument against pol- 
lution abatement or against spending 
money to correct it. It is only an 
argument against unreasonable de- 
mands regarding the degree of treat- 
ment required for municipal and in- 
dustrial wastes and a further argu- 
ment against the setting up of arbi- 


The history of waste reduction in 
the viscose rayon industry has been de- 
scribed in a very vivid fashion by Mr. 
Jacobs. There has been growth of our 
knowledge of the behavior of treated 
and untreated wastes in receiving wa- 
ters, also. The following discussion 
presents a few notes on the problems 
of waste assimilation in streams. 

In part, the assimilative capacity of 
the receiving waters is determined by 
the physical characteristics and flow 
patterns of the streams themselves. 
These limits also characterize other 
wastes of comparable physical charac- 
teristics. If the combined wastes of 
the plant are discharged at a common 
outfall, a relatively warmer, more sa- 
line waste stratum will be produced in 
the immediate vicinity of the discharge. 
The specific gravity of viscose waste, 
due to its sodium sulfate content, is 
higher than that of fresh waters. The 
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trary and restrictive effluent quality 
requirements. 

The Du Pont Company has been 
fortunate at its rayon and cellophane 
plant locations because the requests of 
the control agencies have been temper- 
ate and sensible and have been dis- 
pensed in a spirit of cooperation. Un- 
der these circumstances, it has been 
possible to work slowly but steadily 
toward the goal of satisfactory effluent 
quality with assurance that the recov- 
ery methods as worked out were sound 
and that they would. bring about the 
desired results. 
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elevated temperature of untreated 
waste, in the range 32° to 40° C., 
yields an effluent which is less dense 
than the fresh waters of large streams 
at temperatures of 25° C. or less. 
Some interesting mixing problems 
follow from this. If the waste is dis- 
charged into a large, slow-flowing 
stream, the effluent first flows out along 
the surface as a sheet of light water. 
In this site it is highly vulnerable to 
wind movement and its ultimate path 
is more likely to be determined by 
wind direction than by the slow river 
flow. It will be moved up-, down-, and 
across-stream with the winds. As this 
light, superficial layer cools through 
heat loss to the air and to the under- 
lying water, however, its density in- 
creases and it mixes more readily with 
the underlying stream water. As it 
approaches the stream’s water temper- 
ature, it ‘‘falls’’ in a complicated rain- 
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like eddy pattern through the support- 
ing waters and mixes readily with 
them. 

Under most conditions, this produces 
mixing in slow-flowing streams that is 
much more rapid than could be ob- 
tained if the wastes were initially of 
the same temperature as the receiving 
waters. Density streaming has been 
substituted as a method of mixing for 
the low turbulent energy potential of 
slow, deep waters. This mechanism is 
undoubtedly important for the mixing 
of all types of warm saline wastes in 
tidal streams. It deserves detailed 
study wherever outfalls are planned 
for tidal receiving waters. 

The behavior of a relatively warm, 
saline waste in a shallow, rapid stream 
is quite different. Here the difference 
in viscosity of the warm waste and the 
cooler stream water limits the rate at 
which waste can mix across the stream. 
If major discharge is made at one side 
of the receiving stream, the wastes tend 
to cling to the plant side more tena- 
ciously than they would if they were 
of the density and temperature of the 
receiving water. One effect of this 
dispersal limiting mechanism is to con- 
centrate very warm wastes along the 
plant shore line. Temperatures of the 
waste may be high enough to damage 
aquatie life in these areas. Obviously, 
it is necessary to disperse such warm 
wastes through multiple outfalls ar- 
ranged to take advantage of turbulent 
mixing in the immediate vicinity of the 
outfall. Cooling in treatment, in 
transit, and in lagoons becomes ad- 
vantageous. 

The behavior of receiving waters un- 
der the organie loading imposed by 
rayon wastes is very much like that 
anticipated from comparable loadings 
of domestic sewage, although com- 
posited rayon wastes are comparatively 
low in available nitrogen. Wastes are, 
of course, much more diluted than 
domestic sewage. There are no special 
problems associated with the organic 
components of the wastes in the stream 
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themselves that are unique to the in- 
dustry. Sometimes discharge of soaps 
and synthetic detergents shows as a 
white film or crust on the shores below 
the outfall, but these disappear after 
mixing, and in the low dilutions pro- 
duced in the receiving waters no evi- 
dences are found of _ refractory 
residues. 

The most unusual problems of the 
viscose rayon wastes are associated 
with certain special rayons that yield 
zine-bearing effluents. The history of 
zinc wastes is extremely turbulent, 
with a long, bitter background in the 
mining industry of Wales and the 
northern United States. Until re- 
cently, there has been no firm funda- 
mental information upon which to base 
the capacity of streams to assimilate 
zine residues. In the first place, meas- 
urements of small quantities of zine 
have been unreliable because of mul- 
tiple interferences of silt and of other 
metals with sensitive colorimetric 
methods that must be employed for 
practical waste control. The industries 
have done a large amount of analytical 
research to improve the method and 
there are now available several good, 
practical methods for determining zine 
in the range of a few hundredths parts 
per million that were not available be- 
fore. 

One outcome of the work on zine in 
wastes has been a much better under- 
standing of the zine utilization and 
loss budget in the plant proper. 

Secondly, until recently there was 
no satisfactory picture of the ultimate 
fate of zine in the receiving waters 
themselves. It was proposed during 
the Welsh controversy that zine sulfate 
was alternately reduced to zine sulfide 
and oxidized to soluble zine sulfate 
with changes from anaerobic to aerobic 
conditions in the stream and in ore 
dumps. Thus, the concept of a per- 
petually zine-plated stream bottom rose 
to plague waste engineers. 

Work by two leading rayon-produc- 
ing companies shows that zine is ad- 
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sorbed strongly and permanently upon 
silt, and that silt adsorption is a sig- 
nificant mechanism for inactivating 
zine that reaches the stream. It is 
worth considering what relation silt 
bears to the metallic salts in the other 
types of wastes, especially since in- 
dustry is moving into areas where the 
larger rivers are more or less perma- 
nently silty. It is possible, as one of 
the leaders in the wastes treatment field 
has pointed out, that these silty wa- 
ters may have special values to in- 
dustry. 

Thirdly, as often happens during 
practical investigations of the order 
met in waste studies, great deficiencies 
are found in the fundamental informa- 
tion. As pointed out earlier, it was 


found that more sensitive and reliable 
analytical methods are needed. It also 
was found that early published data 
on the solubility of zine salts at vary- 
ing pH’s and in association with other 
inadequate. It 


ions was has been 
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necessary to carry out basic studies 
on the true solubilities of zine salts. 

Fourthly, a great deal also has been 
learned about the ways that viscose 
rayon wastes act upon the animal com- 
munities of a stream. In the case of 
zine-bearing wastes, for example, it 
was found that a number of aquatic 
invertebrates common to the stream 
bottom are more sensitive to zine than 
fish are. In one ease this has led to a 
system of continuing river surveys, in 
which the performance of the waste 
abatement program is judged by the 
life of the stream itself. These surveys 
are important supplements to the oper- 
ating and performance data of the 
plant. 

Studies of the bottom communities 
are also furnishing data from which 
the adequacy of various types of waste 
abatement programs may be judged. 
These decisions are based upon the re- 
sponse of the receiving waters them- 
selves. 


5 
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A pilot plant to investigate the 
feasibility of biological treatment of 
kraft mill wastes was constructed and 
began operation in September, 1951. 
The site of the pilot plant is the Macon 
Kraft Company mill in Macon, Ga. 
The design, supervision of construc- 
tion, and operation of the pilot plant 
is the joint undertaking of the Na- 
tional Council for Stream Improve- 
ment and the Macon Kraft Company. 
Financing of the construction is the 
joint undertaking of a group of south- 
ern kraft pulp and paper manufac- 
turers and the Macon Kraft Company. 
The total cost of the pilot plant 
amounted to approximately $23,000, 
of which $9,000 was contributed by 
companies other than the Macon Kraft 
Company, the remainder having been 
contributed by the latter. Operating 
and maintenance costs are shared by 
the National Council for Stream Im- 
provement and the Macon Kraft Com- 
pany, the former contributing the 
services of a full-time resident engineer 
charged with the operation of the pilot 
plant and the latter furnishing the 
maintenance and minor changes needed 
for the efficient operation of the pilot 
plant. Planning and supervision of 
operation is a function of National 
Council for Stream Improvement engi- 
neers. 

The purpose of the pilot plant is to 
investigate, on a much larger scale, 
the principles of biological treatment 
of kraft mill wastes which had pre- 
viously been developed on a laboratory 
scale (1). Operation of the plant is 
directed toward the compilation of data 
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for later evaluation as to the efficacy 
of this treatment process for full-scale 
application. The information obtained 
will be used to determine the construc- 
tion and operational costs of this 
method of treatment if the process is 
to be applied on a full-scale treatment 
basis. 

The operational plan for the pilot 
plant is designed to study the many 
variables involved in the treatment of 
kraft mill wastes by a process which 
is similar to the treatment of domestic 
sewage by activated sludge. The fol- 
lowing factors are to be extensively 
investigated : 

1. Nutrient requirements. 

a. Nitrogen and/or phosphorus. 

b. Minimum concentrations _re- 

quired. 

e. Point of nutrient addition. 


2. Aeration periods. 

3. Air requirements per gallon of 
waste treated. 

4. Biological solids concentration. 

5. Excess sludge formation and 
methods for its disposal. 

6. Effect of shock loads on treatment 
efficiency. 

Types of waste to be studied include 
the mixed kraft mill effluent and indi- 
vidual waste effluents from selected 
sources. In addition, it is planned to 
investigate the treatment efficiencies 
of various modifications of the acti- 
vated sludge process, as well as the 
treatment of kraft mill wastes with 
combinations of this accelerated treat- 
ment and ponding. The latter will in- 
clude partial treatment of the wastes, 
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TABLE I.—Characteristics of Mixed Kraft 
Mill Waste as Received at Pilot Plant 


Min. Max. 

B.O.D., 5-day, 20° C, 
(p.p.m.) 

Oxygen cons., KMnO, 
(p.p.m.) 

Color 

Temperature (°C.) 

Suspended solids (p.p.m.) 


72 605 
840 
1,800 
44 
186 


485 
800 
38 
65 


using aeration, followed by ponding of 
the effluent for the completion of the 
treatment. 

Characteristics of the mixed kraft 
mill wastes selected for the initial in- 
vestigation are presented in Table I. 


Design Features 


The pilot plant, the flow diagram 
of which is shown in Figure 1, con- 
sists of an aeration tank, a clarifier, 
an air blower, an air-lift sludge re- 
turn device, a pump for returning 
treated waste and excess waste flows 
to the mill’s regular disposal system, 
nutrient feed equipment, flow measure- 
ment weirs, and recorders. A frame 
building contains the controls, the nu- 
trient feed equipment, and the labora- 


SEWAGE AND INDUSTRIAL WASTES 


March, 1953 


tory test equipment. All units stand 
on or above ground level (Figure 2). 

The aeration tank, constructed of re- 
inforeed concrete, is 28 ft. long, 13 
ft. deep, and 5 ft. wide. A freeboard 
of 1 ft. is allowed, making the liquid 
depth 12 ft. The tank walls are bev- 
eled near the liquid surface and at the 
tank floor to assist in inducing a spiral 
flow. Air diffusers are located in a 
longitudinal row near one side and at 
the bottom of the aeration tank. The 
diffusers, six in number, are made from 
drilled pipe and are connected to an 
air header at the top of the aeration 
tank by a union, permitting easy re- 
moval in the event that cleaning be- 
comes necessary. The influent end of 
the aeration tank is equipped with weir 
boxes for measurement of the waste 
and return sludge flows to the aeration 
tank through a mixing chamber. Ca- 
pacity of the aeration tank is 12,600 
gal. (Figure 3). 

The blower supplying the air to the 
aeration tank delivers up to 100 e.f.m. 
of free air at a pressure of 6 p.s.i. 
This blower also furnishes the air re- 
quired for the return sludge air lift. 


NUTRIENTS 


EXCESS WASTE 


WEIR FOR WASTE FLOW 

WEIR FOR RETURN SLUDGE FLOW 

MIXING CHAMBER 

AERATION TANK FOR MIXED LIQUOR 
CLARIFIER FOR MIXED LIQUOR 

RETURN SLUDGE AIR LIFT 

TOTAL RETURN SLUDGE WEIR 

ROTARY AIR BLOWER 

SUMP FOR EXCESS WASTE, SLUDCE AND TREATED 
WASTE 

RETURN PUMP TO MILL DISPOSAL SYSTEM 


FIGURE 1.—Flow diagram of kraft mill waste treatment pilot plant. 
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KRAFT WASTE PILOT PLANT 


FIGURE 2.—Activated sludge pilot plant at Macon Kraft Company mill in Macon, Ga. 
Rotary blower is in front center. 


The radial-flow clarifier, constructed 
of steel, is 20 ft. in diameter with a 
liquid depth of 7 ft. 4 in. It is 
equipped with a peripheral weir and 
a sludge collector mechanism. Ca- 


pacity of the clarifier is 17,225 gal. 


This capacity is greater than would 


be desired, but since the clarifier was 
available at the site it was decided to 
utilize it, particularly in view of the 
shortage of equipment and extended 
delivery dates on account of the na- 
tional emergency. 

Sludge is removed from the bottom 


FIGURE 3.—Aeration tank of activated sludge pilot plant, showing return sludge weir 
box (left foreground) and equalizing tank (background). 
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center of the clarifier through a 3-in. 
pipe. The sludge is air-lifted to an 
elevation permitting gravity flow re- 
turn to the influent end of the aera- 
tion tank, through two weir boxes. 
The pilot-plant effluent, excess waste 
coming to the pilot plant, and excess 
sludge are collected in a common sump. 
From there they are returned to the 
mill’s regular waste disposal system 
by means of a centrifugal: pump. 
Nutrient chemicals are fed either 
into the mixing chamber or the return 
sludge weir box at the influent end 
of the aeration tank. Monosodium 
phosphate solution is fed into a con- 
stant-head solution feeder by means of 
a small centrifugal pump, which re- 
circulates the overflow from the feeder 
and the chemical solution reservoir. 
Ammonia is fed in at the same points 
by means of an ammoniator. Both 
feeding devices are manually adjusted. 


Flow Measurement 
Waste Water 


Waste water entering the pilot plant 
is measured through a 90° V-notch 
weir. The weir is so constructed that 
the waste enters the weir box in a 
stilling well, one side of which is a 
baffle and the opposite side an adjust- 
able gate. The gate is raised or low- 
ered to regulate the flow over the V- 
notch weir. The excess waste overflows 
the adjustable gate and flows through 
a pipe to a sump, from whence it is 
returned to the mill’s regular waste 
disposal system. The measured waste 
flows over the V-notch weir into a 
mixing chamber prior to entry into 
the aeration tank. Continuous flow 
records are obtained by means of a 
level recorder installed on the weir 
box. Discharge of waste into the mix- 
ing chamber is by free fall. 


Return Sludge 


Return sludge flows are measured 
at two points in order that suspended 
solids concentration of the mixed liquor 
tank could be con- 


in the aeration 
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trolled and so that data could be ob- 
tained on the quantities of excess 
sludge to be disposed of. Total return 
sludge is measured by means of a 60 
V-notch weir immediately following the 
air lift. The sludge is discharged into 
a surge tank from the air-lift device, 
then flows into the weir box equipped 
with a level recording device. Sludge 
returned to the aeration tank, via the 
mixing chamber, is measured through 
another 60° V-notch weir, which is the 
counterpart of the waste flow weir pre- 
viously described. Excess sludge flows 
into the same sump as the excess waste 
and is disposed of in a similar fashion. 
The quantity of wasted sludge is ob- 
tained by difference between the two 
recorded sludge flows. 


Air 


Air flow to the aeration tank, 
through the diffusers, is measured by 
means of an orifice plate in the air 
header. A recorder furnishes a con- 
tinuous record of this flow. Not in- 
cluded in the record is the air used in 
the air-lift device, only the air to the 
diffusers being measured. 


Operating Details 


Start-up of the pilot plant was ac- 
complished by gradually increasing the 
proportion of waste added to the 
aerated seed organisms. The seed or- 
ganisms were obtained from a nearby 
Air Force base and consisted of humus 
sludge from a secondary clarifier fol- 
lowing a trickling filter. Approxi- 
mately 1,000 gal. of this material was 
used. 

Waste waters to the pilot plant origi- 
nate presently at two sources. One 
source is the total mill waste, which 
comes from a 1-m.g. capacity equaliza- 
tion tank by gravity flow through a 4- 
in. pipe. The second source of waste 
is evaporator hot-well water, which also 
flows by gravity through a 4-in. pipe. 
The waste waters from these two 
sources are not mixed, but are treated 
separately at the pilot plant. 

Initial operating plans call for the 
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operation of the pilot plant in a man- 
ner similar to activated sludge treat- 
ment. Kraft waste enters the aeration 
tank over a measuring weir and through 
a mixing chamber, where return sludge 
mixes with waste. The mixed liquor is 
then aerated for the required period in 
the aeration tank. Following the aera- 
tion the mixed liquor flows by gravity 
into the circular clarifier, where the 
sludge settles. The supernatant over- 
flows the peripheral weir and dis- 
charges into a sump, where a pump 
returns it to the mill’s regular waste 
disposal system. The settled sludge is 
returned to the influent end of the 
aeration tank by means of an air-lift 
device, passing over one weir for the 
measurement of total return sludge 
and over a second weir where the ex- 
cess sludge is wasted and the required 
return sludge is mixed with the in- 
coming waste in the mixing chamber. 
Excess sludge, wasted continuously, 
enters a sump and is returned to the 
mill’s waste disposal system by the 
same pump that returns the treated 
effluent. 

Operation of the pilot plant is on a 
continuous 24-hr., 7-day per week basis. 
During mill shutdowns, the pilot plant 
is operated to the extent that sugar is 
added to the aeration tank, along with 
the necessary nutrients, to maintain 
sludge activity. 

Design of the pilot plant is such 
that its operation permits the study of 
kraft waste treatment through a wide 
range of aeration periods, air quanti- 
ties, nutrient requirements, and sus- 
pended solids concentration. Its de- 
sign is flexible enough to permit studies 
of kraft waste treatment in combina- 
tion with other biological or chemical 
treatments, as well as by modifications 
of the activated sludge process. 

One operator, working only the day 
shift, operates the plant, runs the con- 
trol tests, and maintains the records. 
During the two remaining shifts the 
pilot plant runs without an operator. 
Operation is checked, however, several 
times during this period by mill per- 
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TABLE II.—Types and Schedules 
of Control Tests 
Infl. | Eff. | Ret. | Mix. 
Sl. | Liq. 
B.0.D.! x x 
Oxygen cons., KMnO? | x x —|- 
Rel. stability! 
Dissolved oxygen! x x 
Suspended solids! x |—]|x 
Total solids' xi — 
Volatile 
Ash x — 
Sludge index! 
Temperature? 
Color! x |xj—|— 
pH? | x x x | — 
Nitrogen! E.: x x | - 
Phosphorus! ix | - 


1 4-hr. composite, daily. 
* Spot, daily or occasional. 


sonnel who operate the mill’s water 
treatment plant. Operation during 
week ends is on the same basis as the 
off-shift operation. 

All control valves, weirs, and gates 
are located on a walkway constructed 
along the top of one side of the aera- 
tion tank. This greatly facilitates the 
operation of the plant. Similarly, all 
electrical control switches, and record- 
ing and indicating meters are located 
in the control building adjacent to the 
pilot plant. 

No provision is made for sludge di- 
gestion, as laboratory work indicated 
that excess sludge would occur only in 
small quantities and there is no pri- 
mary sludge to be digested. 


Sampling, Testing, and Records 


Samples are all collected by the op- 
erator, who also does all of the testing 
and maintains all of the records. Sam- 
pling and testing are confined to the 
shift when the operator is present, and 
generally, no samples are collected on 
week ends. Exceptions to this proce- 
dure are made, naturally, as the ocea- 
sion may demand. 

Spot and composite samples are both 
collected for testing purposes. Types 
and schedule of the control tests are 
shown in Table IT. 
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Records of the pilot-plant operation 
are compiled and maintained by the 
operator. Daily operating records are 
consolidated and distributed weekly to 
personnel concerned with the pilot- 
plant operation. 
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UNITED STATES-MEXICO BORDER PUBLIC HEALTH 
ASSOCIATION TO MEET 


The United States-Mexico Border 
Public Health Association has an- 
nounced its 11th Annual Joint Meet- 
ing, to be held in El Paso, Texas, and 
Ciudad Juarez, Chihuahua, Mexico, 
April 8-10, 1953. 

Represented in the Association are 


federal public health and stream pollu- 
tion abatement agencies of both the 
United States and Mexico, as well as 
state and local agencies of Texas, Ari- 
zona, California, New Mexico, Tamau- 
lipas, Nuevo Leon, Coahuila, Chihua- 
hua, Sonora, and Baja California. 
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In the recent paper by Hill and 
Herndon (1) the indophenol method 
for the formation of strongly colored 
compounds by the reaction of phenol 
and a paraphenylene diamine in the 
presence of an oxidizing agent has been 
carefully detailed. As noted by the 
authors, the method is essentially that 
of Houghton and Pelly (2) first pub- 
lished in 1937. The method is sensi- 
tive, rapid, and subject generally to 
the same disadvantages and _inter- 
ferences of the other determinations 
for trace amounts of phenolic com- 
pounds. Hill and Herndon, using 
E. K. Co. Cat. No. 188 p-nitrosodi- 
methylaniline, were able to prepare a 
somewhat stable reagent, which then 
required reduction to the p-aminodi- 
methylaniline just prior to use in the 
reaction. The oxidizing agent used is 
a sodium hypochlorite solution, the ad- 
dition of which must be carefully con- 
trolled, as an excess will result in a 
bleaching of the indophenol. Sulfides 
and aromatic amines form the princi- 
pal source of interference in this re- 
action, as they apparently do in the 
Gibbs and 4-aminoantipyrine reactions. 
Distillation of the phenol from an 
acidified sample is still recommended 
as the most satisfactory procedure for 
the separation of the phenols from the 
interferences. 

Because of the basic simplicity of 
the test and the availability of re- 
agents, the writer has used the pro- 
cedure for several years and has de- 
veloped a modification, which is be- 
lieved to eliminate many of the diffi- 
culties inherent in the frequently used 
tests for phenolic compounds. 


DETERMINATION OF PHENOLS BY THE p-NITRO- 
SODIMETHYLANILINE METHOD—A DISCUSSION 


By I. Nuspaum 


Water Pollution Control Engineer, California Water Pollution Control Commission, 
Region 9, Lemon Grove, Calif. 
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Eastman Kodak Co. recently intro- 
duced a new oxalate salt of p-aminodi- 
methylaniline (Cat. No. 5672). This 
reagent does not oxidize and discolor 
rapidly when the material is exposed 
to air as do the free base and the 
hydrochloride and sulfate derivatives. 
The p-aminodimethylaniline oxalate re- 
mains unchanged for an indefinite pe- 
riod. It thus provides the first step 
in the preparation of a stable reagent 
not requiring initial reduction. It was 
then found that a 0.1 per cent solu- 
tion of the amine salt as the free base 
in a 1 per cent sulfurie acid solution 
remained stable indefinitely. No de- 
terioration has been found after stand- 
ing several weeks. The 0.1 per cent 
solution is prepared from a stock so- 
lution of 6.5 g. of the amine salt in 
1:1 sulfuric acid, made up to 25 ml. 
This stock solution may discolor 
slightly on standing, but its usefulness 
remains unimpaired. 

An oxidizing agent was required that 
would catalyze the reaction, but when 
present in excess would not interfere. 
It was found that potassium ferri- 
cyanide solution, as used in the 4- 
aminoantipyrine reaction (3), would 
serve admirably. The potassium ferri- 
eyanide also provided a solution to one 
of the major sources of interferences, 
sulfides. As shown later, the ferri- 
cyanide reagent may be added to the 
sample prior to the addition of the 
amine reagent. The ferricyanide de- 
stroys the sulfides and permits the 
reaction to proceed without inter- 
ference from that source. 

The writer also has found that it 
becomes virtually possible to eliminate 
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the necessity for distillation of the 
sample where the remaining inter- 
ferences are principally aromatic 
amines. It was found possible to re- 
duce the concentration of these amines 
below that where the formation of an 
indamine would interfere. Strongly 
acidic ion exchange resins, such as 
Dowex 50-X-8 or Amberlite IR-112 
(H), are known to be effective in re- 
moving amino-compounds from solu- 
tion. A small amount of the resin, 
stirred for 3 to 5 min. with the sample, 
will effectively remove interfering 
quantities of aromatic amines. This 
technique may also be applied to the 
Gibbs and 4-aminoantipyrine reactions. 

The simplified procedure for the de- 
termination of phenols may then be 
performed as follows: 


1. Reagents 


All chemicals should be of reagent 
vrade. 

1.1. Borax, saturated solution at 20° 
C. (approximately 2.7 g. per 100 g. 


water). 

1.2. Potassium ferricyanide solution, 
8 per cent. 

13. A 0.1 per cent p-aminodi- 
methylaniline oxalate solution, as the 
free base in 1 per cent sulfurie acid. 
1 ml. of the stock solution diluted to 
200 ml. with distilled water containing 
sufficient sulfuric acid to make the 
final concentration 1 per cent H,SO,. 

1.4. Ion exchange resins, either 
Dowex 50-X-8 or equivalent, or Rohm 
and Haas Amberlite IR-112 (11). 

1.5. Iso-amyl alcohol, carbon tetra- 
chloride, or chloroform. 

1.6. Standard phenol solution, 1,000 
mg. per liter. 


2. Procedure 


2.1. To a sample containing at least 
5 micrograms and up to 40 micrograms 
of phenols, add 5 ml. of the borax buf- 
fer. Add the 8 per cent ferricyanide 
solution in a volume equivalent to the 
volume of the amine reagent to be in- 
troduced subsequently. 

2.2. Add 2 ml. of the amine reagent 
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for samples up to 100 ml., and 4 ml. 
of the reagent for sample sizes greater 
than 100 ml., and shake. The final pH 
of the mixture should be from about 8.3 
to 8.7 and experience will indicate 
whether the amount of buffer solution 
should be varied slightly to meet this 
requirement. Allow the color to de- 
velop for at least 15 min. and extract 
with a predetermined aliquot of either 
isoamyl alcohol, carbon tetrachloride, 
or chloroform. The procedure of Hill 
and Herndon (1) using series extrac- 
tion with 10- and 5-ml. portions of 
iso-amyl alcohol or serial extraction 
with the other solvents mentioned 
works very satisfactorily. However, 
there appears to be less effect upon the 
earbon tetrachloride or chloroform ex- 
tracts from the addition of varying 
quantities of the amine reagent than 
upon the iso-amyl alcohol extract. 
Where the concentration of phenols is 
very small, it may be necessary to use 
5-em. cells in the spectrophotometer or 
filter photelometer, or to use Nessler 
tubes. Calibration curves should be 
developed for both 1- and 5-em. cells 
if concentrations below 20 p.p.b. are to 
be determined. The wavelengths ree- 
ommended by Hill and Herndon (1) 
are satisfactory for this determination. 

2.3. Where interference from aro- 
matic amines may be suspected, ap- 
proximately 5 g. of the Dowex 50 or IR- 
112 (11) should be added to the sample 
and agitated for 3 to5 min. A portion 
should then be filtered and the pro- 
cedure of 2.2. followed. Should the 
sample contain excessive concentrations 
of dissolved salts or amines, it may be 
necessary to repeat the process. The 
resins may be regenerated with sul- 
furie acid, in accordance with the di- 
rections of the manufacturer. 


3. Notes 


The p-aminodimethylaniline oxalate 
is an exceptionally stable diamine salt, 
which the writer has used in other tests 
with satisfactory results. The 0.1 per 
cent reagent used in the phenol method 
may also be used for the detection and 


; 
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determination of available chlorine and 
the amine salt may be used to prepare 
the amine reagent for the determina- 
tion of sulfides by the formation of 
methylene blue. 
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A safe and comparatively simple 
method of radioactive waste disposal is 
described in a recent article by Clinton 
C. Powell and Howard L. Andrews 
(Pub. Health Rep., 67, 12, 1214; 1952), 
of the National Institutes of Health, 
U.S.P.ILS. 

The present system for disposal of 
radioactive wastes too active to put into 
municipal sewers or in forms not suit- 
able for liquid disposal is the result of 
more than 2'4 years of experimenta- 
tion with various containers and meth- 
ods of sealing. Steel drums and gar- 
bage cans were both determined to be 
unsuitable containers because they roll 
if placed on their sides, are incon- 
venient to handle, and disintegrate 
rapidly in sea water. 

Standard, commercially available, 
concrete burial vaults were found to 
be satisfactory basic containers. Child- 
size vaults, 1954 by 18%4 by 44 in. 
(outside), hold about 5.3 cu. ft. of ma- 
terial and cost about $25 each. Vaults 
also are available in larger sizes, up to 
36 by 28 by 93 in., for disposal of large 
items of equipment not readily broken 
down, but the small size is more gen- 
erally useful and more easily handled. 
The vaults may be lifted by steel cables 
attached to the four lifting eyes cast in 
the bottom. Pending disposal, they oc- 
cupy a minimum of space and may be 
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stacked if allowable floor loading per- 
mits. 

The waste products are packed in the 
vaults, with bulky materials being re- 
duced by cutting or dismantling, or by 
concentration. The vaults are filled to 
within 3 or 4 in. of the top, then filled 
flush with high-slump concrete. Voids 
are filled as completely as possible to 
decrease buoyaney and the possibility 
of crushing by external water pressure. 

Although ultimate disposal is prefer- 
ably by dumping at sea in depths of at 
least 1,000 fathoms of water, the vaults 
also are useable for land burial. If 
sealed as described, contact between the 
active contents and surrounding earth 
and water is minimized, and removal is 
facilitated if‘a new burial site must be 
used. 

In sea disposal, each discarded vault 
represents almost a monolith that prob- 
ably will not disintegrate appreciably 
in 100 years. Contamination by diffu- 
sion should be very small, even if the 
seal between the cement cap and the 
vault body is not watertight, and dilu- 
tion by surrounding sea water should 
be great. Natural decay of the radio- 
activity will be so greatly reduced that 
any undecayed products left by the 
time the block eventually crumbles 
would have negligible effect on the 
large volumes of diluting sea water. 
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COLOR IN INDUSTRIAL WASTES 


V. Chlorination for Color Removal * 


By Wittem Rupoirs AND D. HANLON 


Rutgers University, New Brunswick, N. J. 


Chlorination has been used rather 
extensively for color removal processes, 
commonly referred to as bleaching. In 
view of the successful application in 
other fields, a study was made concern- 
ing the effectiveness of chlorination for 
industrial waste color removal. 

The extent of chlorine treatment for 
bacterial kill is based upon maintaining 
a definite chlorine residual, which in 
turn is based upon the chlorine de- 
mand or chlorine consumption of the 
sewage or waste. Usually, the chlorine 
necessary to provide 0.1 p.p.m. chlo- 
rine residual following a 15-min. con- 
tact period is sufficient to cause de- 
sired kill. 

It has been shown (3) that the chlo- 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 


fe) 


rine demand of an industrial waste is 
only a fraction of the total amount of 
chlorine necessary for complete reac- 
tion. For bacterial kill purposes, in- 
volving concentration and contact time, 
the chlorine demand is of value. How- 
ever, its application to the chemical 
reactions involved in bleaching is ques- 
tionable. 

Preliminary work indicated that the 
total quantity of chlorine required for 
reaction with an industrial waste may 
be determined by superchlorination. 
By this method, the difference between 
the amount of chlorine added and the 
residual following a specific contact pe- 
riod is determined as the chlorine uti- 
lized by the waste. This value, desig- 
nated as the ‘‘chlorine utilization,’’ 
may conceivably show a relationship be- 
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FIGURE 1.—Chlorine residual values (starch iodide) for various quantities of 
rope cooking liquor waste. 
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- WASTE 
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CHLORINE ADDED -(P.P.M. + 10,000) 


FIGURE 2.—Effect of chlorination on color characteristics of raw and activated sludge 
treated rag cooking waste. 


tween the chlorine utilized by an in- 
dustrial waste and the quantity of chlo- 
rine required for maximum color re- 
duction. 


Chlorine Residual and Color 
Removal 


Figure 1 represents the chlorine 
residual (starch iodide) for various 
amounts of a rope cooking liquor waste 
superchlorinated to the same extent 
and allowing a 1-hr. contact period. 
The slope of the curve indicates that 
the chlorine utilization by the rope 
waste was about 8,200 p.p.m. Subse- 
quently, it was found that the chlorine 
utilization values for gum and rag 
cooking liquor wastes were of little 
value for the control of color reduction 
by chlorination. 

This is illustrated by the rag cooking 
liquor color reduction curves in Figure 
2, which show that approximately the 
same quantity of chlorine was required 


for the same degree of color reduction 
in both the raw rag waste (3,000 p.p.m. 
B.0O.D.) and the rag waste activated 
sludge effluent (250 p.p.m. B.O.D.) 
The chlorine utilization reduction by 
biological treatment was approximately 
40 per cent, indicating that there was 
no direct relationship with the quantity 
of chlorine required for color reduction. 
Subsequently, the chlorine color reduc- 
tion requirements were based on the 
color intensities of the individual 
wastes. Since there was a correlation 
between chlorine utilization and 5-day 
B.O.D. values, it may be worth while 
to use the relationship in problems 
where immediate B.O.D. estimations 
are desired. 


Free Chlorine vs. Sodium 
Hypochlorite 


To determine the relative effective- 
ness of free chlorine and hypochlorites 
for waste color reduction applications, 
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FIGURE 3.—Relation between chlorine utilization and color characteristics of rag waste. 


dilute rag cooking liquor waste efflu- 
ents from an activated sludge process 
were treated at pH 1.3 and pH 8.0 
with various amounts of chlorine in 
the form of chlorine water, and sodium 
hypochlorite. Following a 6-hr. con- 
tact period in open vessels, the chlori- 
nated samples were adjusted to pH 7.6 
and filtered for color determinations. 
The chlorine additions were on the 
basis of the raw concentrated rag 
liquor (27,000 p.p.m.) 

From the results (Figure 3) it is 
apparent that for the same pH value, 
NaOCl was more effective than chlo- 
rine water for reducing the color of 
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FIGURE 4.—Comparison of chlorination 
in open and closed systems. 


the rag cooking liquor waste. Further- 
more, both NaOCl and chlorine water 
were more effective at pH 8 than at 
pH 1.3. These results might be ex- 
plained in two ways. First, the form 
of chlorine (HOC1) at pH 8 may have 
been more effective for color reduction 
than free chlorine at pH 1.3. Second, 
at the lower pH values, there was a 
greater loss of the relatively volatile 
HOCI and free Cl, to the atmosphere. 
It would be expected that the loss of 
free chlorine to the atmosphere would 
be affected by the concentration of sol- 
uble material present in the waste. 


Chlorination in Open and 
Closed Systems 


It can be expected that considerable 
chlorine losses occur as a result of 
chlorinating in open systems. To de- 
termine the extent of such losses, du- 
plicate aliquots of a rag cooking liquor 
waste effluent from an activated sludge 
process were adjusted to pH 7 and 
chlorinated (chlorine water) to various 
degrees at room temperature. One 
group of chlorinated aliquots was held 
in open vessels while the remaining 
group was kept in glass-stoppered bot- 
tles. After a 5-hr. contact period, all 
samples were adjusted to pH 7.6 and 
filtered for color determinations. 

The curves of Figure 4 show that 
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TABLE I.—Chlorine Loss Resulting from Chlorination of a Rag Cooking Liquor Waste in an 
Open System 


Chlorine Added 


Chlorine Loss pH! 


uminance Open System 
(p.p.m.) 


Closed System 
(p.p.m.) 


Atmosphere 
(p.p.m.) 


On Basis of 
Closed System Closed 
(%) 


System 


0.130 10,000 8,000 25.0 7.6 6.8 
0.090 20,000 12,500 7,500 60.0 3.9 3.4 
0.047 40,000 23,000 17,000 73.9 2.7 2.5 


1 At 5 hr. 


the superchlorination in an open sys- 
tem resulted in an appreciable loss of 
chlorine to the atmosphere. The degree 
of chlorine loss is shown effectively by 
Table I. The chlorine losses, varying 
from 25 to about 74 per cent, increased 
with increasing additions of chlorine 
and decreasing pH values. 


Contact Time Required for Color 
Reduction by Chlorination 
When chlorination is in the acid 
region below pH 38, the color reduction 
of wastes, such as rag cooking liquor, 
yeast, and gum, is practically instanta- 
neous. The time required is so short 
that it is difficult to obtain luminance 
data showing the rate of color reduc- 


chlorine’’ reaction is very rapid. 
However, it has been noticed that the 
rate of color reduction obtained when 
chlorination is in the vicinity of pH 
7.0 is somewhat slower. To determine 
the actual time required for color re- 
duction at 20° C. and pH 7.0, aliquots 
of rag cooking liquor and gum waste 
effluents from an activated sludge sys- 
tem were adjusted to pH 7.0 and chlo- 
rinated (NaOCl) to various degrees. 
Luminance values were determined on 
unfiltered samples of each aliquot at 
selected time intervals. 

The results obtained (Figure 5) for 
the rag liquor waste show that the 
chlorination reactions were at least 60 
per cent complete within 5 min., and 
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FIGURE 5.—Color reduction 
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20 


COLOR PURITY — (%) 


| 5 DAYS 


| 
| 


100 min. The gum waste color reduc- 
tion curves followed a similar rate pat- 
tern. From the practical standpoint, 
these data may be of value when con- 
tact basins for color reduction treat- 
ment of industrial wastes are designed. 


Color Stability of Chlorinated Wastes 

Chlorination effectively reduces the 
color of various industrial wastes, but 
the question arises as to how stable the 
color characteristics of chlorinated in- 
dustrial wastes are with respect to 
time. To study this effect, aliquots of 


TABLE II.—Color Stability of Chlorinated Raw 
Rag Cooking Liquor and Gum Wastes 


Citta 10-Day Color Return! 
No. Added 
Rag Gum 
2 15,000 12.7 | - 
3 20,000 11.0 | — 
4 1,000 = 5.7 
5 2,000 
6 3,000 | 68 


1 As per cent of color return. 


CHLORINE ADDED -(P.P.M.+1000) 
FIGURE 6.—Color stability of chlorinated rag waste. 


raw rag cooking liquor and raw gum 
wastes were chlorinated (NaOCl) at 
20° C. and pH 7.0. After selected 
time intervals (0 to 10 days), all sam- 
ples were adjusted to pH 7.6 and 
filtered for color determinations. 


Some results on rag liquor color 
purity (Figure 6) show that slight 


color returned over a 10-day period. 
The maximum color return took place 
in the region above 20,000 p.p.m. chlo- 
rine added. For 20,000 p.p.m. chlo- 
rine added, approximately 11 per cent 
of the color removed had returned 
within 10 days. There was also a 
slight color return with the gum waste 
over the 10-day period. At 3,000 p.p.m. 
chlorine added, approximately 6.8 per 
cent of the gum waste color removed 
had returned within 10 days. With 
both wastes (rag and gum) the quan- 
tity of color return increased with in- 
creasing color reduction. However, the 


color return determined as percentage 
of the color removed was approxi- 
mately the same, as shown by Table 
II, which indicates that the color re- 
duction was a result of chemical sub- 
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stitution or addition and not neces- 
sarily a breakdown of a complex struc- 
ture. 


Effect of Chlorination with Varying 
Waste Concentration 


Industrial wastes may vary consider- 
ably in the concentration of colored 
matter. Therefore, the feasibility of 
projecting color chlorine requirements 
from a given concentration of a waste 
to varying concentrations of the same 
waste was investigated. The question 
is, will the efficiency of chlorine color 
reduction be the same regardless of 
the waste concentration ? 

Samples of gum and rag cooking 
liquor wastes from an activated sludge 
process were diluted to various degrees 
with distilled water and adjusted to 
pH 7.0 for chlorination. The same 
quantity of chlorine (NaOCl) was 
added to each diluted sample to de- 
termine the effect of dilution on the 
degree of color reduction. Sufficient 
chlorine was added to cause an ap- 
proximate — log luminance reduction 
of 50 per cent. Following a 4-hr. con- 
tact period all samples were adjusted 
to pH! 7.6 and filtered for color de- 
terminations. 

The summarized results (Table III) 
show that the degree of color reduction 
was approximately the same regardless 
of the dilution. This may not be the 
rule with all concentrations of such 


TABLE III.—Effect of Chlorination on Color 
Characteristics of Gum and Rag Cooking 
Liquor at Various Waste Concentrations 


Waste [Cone Waste] 

p.m.) | Redgetion 
Gum 8.40 1,500 45.1 
Gum 5.04 1,500 47.3 
Gum 3.36 1,500 47.6 
Gum 1.68 1,500 44.6 
Rag liquor 2.75 10,000 39.6 
Rag liquor 1.65 10,000 41.8 
Rag liquor 1.10 10,000 40.9 
Rag liquor 0.55 10,000 39.1 


1 On basis of concentrated waste. 
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FIGURE 7.—Relative amounts of HOCI 
and OCI at various pH values. 


wastes, since the solubility of HOCI 
will be influenced by the concentration 
of soluble ‘material present. Where 
large quantities of soluble material ef- 
fect losses of volatile HOCI, subse- 
quent chlorination efficiency is re- 
duced. 


Chlorination at Varying pH Values 


The form of chlorine in a water 
solution varies with the pH of the so- 
lution and the concentration of chlo- 
rine present. The hydrolysis of chlo- 
rine in a water solution takes place in 
the following mannér: 


Cl, + HOC! + HCl 
[L H + OCIl- 


Chang (1) calculated values for the 
ratio of Cl,/HOCI at various molar 
concentrations and at pH values from 
0 to 3.0. According to these calcula- 
tions, with a titratable chlorine con- 
tent of 7,100 p.p.m., there is no ap- 
preciable quantity of free chlorine 
present until the pH is below about 
3.0. Above this pH value, chlorine is 
available as either HOC] or OCI. The 
actual relationship is shown in Figure 
7, which shows that the maximum quan- 
tities of HOC] and OCI are available, 
respectively, below pH 5 and above 
pH 10. 

Experiments were run to determine 
the relative effect of chlorine on the 
color characteristics of industrial 
wastes at various pH values and to de- 
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FIGURE 8.—Relative amounts of chlo- 
rine required for maximum instantaneous 
color reduction of an alizarin blue dye. 


termine the degree of chlorine loss in 
open chlorination systems. 


Alizarin Blue Dye Solution 


A sample of a concentrated alizarin 
blue dye solution was diluted with 
distilled water, and aliquots, adjusted 
to pH values ranging from 2.8 to 11.0, 
were chlorinated to the extent neces- 
sary to give an immediate complete 
color removal. Chlorine water having 
a chlorine content, of 67 p.p.m. was 
added. 

The quantities of chlorine necessary 
to give 100 per cent immediate color 
reduction at various pII values are 
indicated by Figure 8. Since it is only 
desired to show the effect of pH on 
chlorine required for color reduction, 
the chlorine addition values are rela- 
tive, but the curve shows that there is 
a difference in the action of chlorine 
at various pH values. It appears that 
there are three different zones, one 
below pH 38, one in the pH range from 
5 to 7, and the last in the pH region 
above 7.8. The curves show that the 
chlorine color reduction effectiveness 
increased with decreasing pH, but 
these results cannot be used as a gen- 
eral rule for color reduction problems 
of this type, because the respective 
reaction rates of the various chlorine 
forms are not taken into consideration. 
Previously it was pointed out that 
there is a difference in the reaction 
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rate of chlorine at high and low pH 
levels. 


Gum Waste Activated Sludge Effluent 

Samples of a gum waste activated 
sludge effluent (325 p.p.m. B.O.D.) 
were diluted at 20° C. and adjusted to 
various pH values ranging from 1.8 
to 12.0. All aliquots were chlorinated 
(NaOCl) to the same extent in both 
open and closed systems. Following 
a 24-hr. contact period, all samples 
were adjusted to pH 7.6 for B.O.D. 
(dilution and direct 5-day 20° C.), 


and color determinations made on fil- 
tered 


samples. 
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FIGURE 9.—Effect of chlorination in 


open and closed systems, at various pH 
values, on the —log luminance of gum 
waste, 


Figure 9 shows that the maximum 
color reduction was obtained at a pH 
value of approximately 6.0 in both open 
and closed systems. Furthermore, the 
color reduction at pH 6.0 was 4 or 
more times as great as the results ob- 
tained at the various other pII values. 
The curves also show that there was a 
significant loss of chlorine in the open 
system. The extent of the losses may 
be seen from the — log luminance re- 
duction curve (Figure 10). This 
curve shows the ratio of color reduc- 
tion in the open systems to color re- 
duction in the closed systems, and 
these values subtracted from 100 per 


| 
re) 
= 


Vol. 25, No. 3 


COLOR IN INDUSTRIAL WASTES. V. 


wl 80 20 = 
3 
2 z 
529 m 
4 
60 | 0 5 
o52 
1 
wa. 
40 60 
8 12 


cent indicate the chlorine losses in the 
open systems. The chlorine losses 
were as high as 55 per cent (pH 1.8 in 
Figure 10). At the point of maximum 
color reduction, the chlorine loss to the 
atmosphere was approximately 35 per 
cent. 

The direct oxygen utilization curves 
(Figure 11) indicate a significant dif- 
ference in the oxidation rates of the 
chlorinated samples. At pH 5.9 there 
was no measurable B.O.D., and it was 
at this point that the maximum color 
reduction was realized. On the other 
hand, the curve for pH 12 shows an in- 
crease in B.O.D. The effect of the chlo- 
rination on the 5-day direct utilization 
and dilution B.O.D. values is shown in 
Figure 12. The dilution B.O.D. curve 
shows an increase in B.O.D. for the 


160 


FIGURE 10.—Luminance reduction (— log) ratios of chlorinated gum waste in open 
and closed systems. 


pH 


chlorinated samples at all pH values ex- 
cept 5.9. At the latter value the B.O.D. 
was 40 p.p.m., as compared with a 
value of 0 p.p.m. by the direct utiliza- 
tion method. These data show that 
chlorination increased the 5-day 
B.O.D. of the gum waste, but the chlo- 
rinated compounds were evidently 
slightly toxic or not readily available 
to biological decomposition. Gellman 
(2) has shown that the initial oxidation 
lag obtained with chlorinated rag and 
jute cooking liquor wastes may be ap- 
preciably reduced by using acclima- 
tized seed. The increase in B.O.D. re- 
sulting from chlorination might pos- 
sibly be explained on the basis of a 
breakdown of complex organic struc- 
tures into relatively simple products 


B.0.0. (F PM) 


TIME (DAYS) 


FIGURE 11.—Effect of chlorination on direct (Warburg) B.O.D. of gum waste at various 
pH values. 
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FIGURE 


12.—Reduction of 
B.O.D. (dilution and direct) of gum waste 
by chlorination. 


5-day 


more readily available for biological 
oxidation. 


Sulfite Cooking Liquor Waste 


Samples of a sulfite cooking liquor 
activated sludge effluent were diluted 
with distilled water and adjusted to 
various pH values in the range from 
1.8 to 12.0. All samples were chlo- 
rinated (NaOCl) to the same extent 
in both open and closed systems for a 
24-hr. period. Following the contact 
period, the pH values of all samples 
were adjusted to 7.6 for B.O.D. (di- 
lution and direct) determinations, and 
filtered for color determinations. 

The effect of chlorination on the color 
characteristics is illustrated in Figure 
13. The degree of color change was 
approximately the same in open as in 
closed systems at all pH values. Be- 
low a pH value of approximately 6 
there was a considerable color increase 
as a result of chlorination. The maxi- 
mum color reduction resulting from 
chlorination was obtained in the ap- 
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proximate pH region from 6 to 10, 
where the purity change was zero and 
the — log luminance decreased by ap- 
proximately 50 per cent. At pH 12, 
the — log luminance was reduced by 
55 per cent, but the purity had in- 
creased by 13 per cent. 

The effect of chlorination on the 
B.O.D. of the sulfite waste liquor is 
shown in Figure 14. All of the chlo- 
rinated samples, except that at pH 3.5, 
had 5-day B.O.D. values which were 
lower than the control (unchlorinated) 
B.O.D. The sample chlorinated at pH 
3.5 had a 5-day B.O.D. of 300 p.p.m., 
as compared with the corresponding 
control B.O.D. value of 203 p.p.m. Af- 
ter 7 days, the B.O.D. of the sample 
chlorinated at pH 1.8 had also in- 
creased to a value (422 p.p.m.) consid- 
erably greater than the corresponding 
control value (255 p.p.m.) It is pos- 
sible that the increased B.O.D. values 
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FIGURE 13.—Effect of chlorination in 
open and closed systems at various pH 
values on color of sulfite waste. 
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resulted from a partial breakdown of 
the complex lignin or other organic 
structures. The lower 5-day B.O.D. 
values do not necessarily mean that the 
ultimate B.O.D. was reduced. 


Rag Cooking Liquor and Yeast Wastes 


Chlorination experiments were also 
conducted with raw rag cooking liquor 
and yeast activated sludge effluent 
wastes. In both cases, there were ap- 
preciable losses of chlorine to the 
atmosphere throughout the pH range 
from 1.8 to 12. The maximum color 
reductions were obtained at pH 9.5 for 
the rag liquor waste and at pH 6 for 
the yeast waste. 


Conclusions 


As a result of this study on indus- 
trial waste color reduction by chlorina- 
tion, the following conclusions are 
drawn : 


1. The quantities of chlorine re- 
quired for varying degrees of indus- 
trial waste color reduction are best 
determined on the basis of the color 
characteristics of the wastes. 

2. Considerable losses of chlorine to 
the atmosphere may be expected when 


FIGURE 14.—Effect of chlorination at various pH values on B.O.D. of sulfite liquor. 


industrial wastes are chlorinated for 
color reduction throughout the pH 
range from 2 to 12. 

3. The effectiveness of chlorination 
for industrial waste color reduction 
varies with the form of chlorine and 
the pH of the waste solution. 

4. A color return on the order of 
5 to 15 per cent of the color removed 
from an industrial waste by chlorina- 


tion may be expected within a 10-day _ 


holding period. 

5. The rate of reaction of chlorine 
with industrial wastes increases with 
decreasing pH. 

6. The effect of chlorination on the 
B.0O.D. of an industrial waste varies 
with the pII of the waste, and in some 
cases the result may be an increase in 
the 5-day B.O.D. 

7. In general, color reduction by 
superchlorination is relatively low. 


Summary 


Studies to determine (a) the effect 
of chlorination on the color and B.O.D. 
characteristics of industrial wastes and 
(b) the influence of related factors on 
color reduction show that the effective- 
ness of chlorination for industrial 
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waste color reduction is dependent and the loss of chlorine to the atmos- 
upon the pH of the waste solution, phere. As a rule, color reduction by 


the form of chlorine, the contact time, superchlorination is relatively low. 
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TWENTY-YEAR INDEX STILL AVAILABLE 


Only 594 copies of the ‘‘Twenty-Year Index—Sewage Works Jour- 
nal’’ remain for sale to those who wish to make the most effective use of 
JOURNAL files. Here is the key to the great reservoir of fundamental 
knowledge that is stored in the 115 numbers of the JouRNAL, which 
record the era of greatest progress in water pollution control. 

Almost 9,000 entries, compiled through a page-by-page search, are 
arranged for finger-tip location with maximum convenience and economy 
of time. It is thus intended that the searcher will be able to utilize the 
key word introducing the entry, denoting its actual topical coverage, 
without the necessity of reading each entry completely. 

The ‘‘Index,’’ developed as separate Author, Subject, and Geo- 
graphical Indexes, is a necessary informational ‘‘tool’’ for those engaged 
in research, design, operation, maintenance, and administration of waste 
treatment works and pollution control activities. 

Bound in buckram, the 144-page ‘‘Twenty-Year Index—Sewage 
Works Journal’’ is available at $4.50. Orders should be addressed to: 
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Stream Pollution 


JUDICIAL ASPECTS OF WATER QUALITY CRITERIA 


By Ear. C. Boreeson, Vinton W. Bacon, Ricuarp H. Gruman, 
AND Jack E. McKee 
Respectively, Assistant Librarian, Harvard University Law Library, Cambridge, Mass. ; 

Executive Officer, California State Water Pollution Control Board, Sacramento, Calif. ; 


Engineer with Leeds, Hill and Jewett, Consulting Engineers, Los Angeles, 
Calif.; and Associate Professor of Sanitary Engineering, California 


Many of the state and interstate 
agencies that administer programs of 
water pollution control in the United 
States have promulgated rigid water 
quality standards, often in ecombina- 
tion with a system of stream classifica- 
tion or zoning. In contrast, the Cali- 
fornia legislation enacted in 1949 does 
not provide for fixed effluent standards, 
minimum degrees of treatment, or 
stream classification. Rather, the Cali- 
fornia program is based on the con- 
cept of case-by-case determination of 
whether pollution threatens or exists 
in any area. Discharge requirements 
are based upon a reasonable balance of 
all equities in each separate case and 
each case, in turn, is related to long- 
range plans formulated to maintain 
water at a quality suitable for major 
beneficial uses. To aid the California 
water pollution control boards in their 
case-by-case consideration of pollution 
problems, the State Water Pollution 
Control Board contracted with the 
California Institute of Technology to 
make a thorough investigation and 
critical evaluation of the technical and 
scientific literature dealing with water 
quality criteria for the major beneficial 
uses of water, such as its use for do- 
mestie and industrial water supplies, 
fish and other aquatie life, shellfish 
culture, recreation, wildlife propaga- 
tion, irrigation, and stock watering. 
The scope of the investigation included 
a survey of judicial expression dealing 
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with water quality criteria; that is, 
instances of water pollution litigation 
in which the courts have mentioned the 
validity, reasonableness, or applicabil- 
ity of technical data and standards. 
The final Caltech report, printed in 
its entirety (abs. THis JourNAL, 24, 11, 
1437; Nov., 1952) and distributed by 
the California WPC Board, represents 
a voluminous reference work on the 
subject of water quality criteria. As 
such, it consists primarily of detailed 
data relating to specifie polluting sub- 
stances. Inasmuch as its chapter on 
‘‘Judicial Expression’’ is widely ap- 
plicable to many phases of sanitary 
engineering, it has been condensed for 
presentation in THis JOURNAL. 


Survey Source Material 

In this investigation, it was neces- 
sary to turn directly to the law ma- 
terials and to apply the methods of 
legal research. Law materials are di- 
vided into three classes: source ma- 
terials, commentaries, and research ma- 
terials. The source materials are those 
in which the law itself is recorded, law 
being taken to include legislative en- 
actments; administrative decisions, 
rules, and regulations; and judicial de- 
cisions. The commentaries on the rules 
of law, as they are found in the 
sources, consist of treatises, legal pe- 
riodicals, and monographs. It is here 
that the theories, background, analyses, 
and explanations of the law are made. 
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Finally, the research materials are 
those designed to systematize, classify, 
digest, and index the law. Legal en- 
eyclopedias, digests, citators, indexes, 
and bibliographies form the research 
materials. In fact, every book or 
article is a research aid in that it 
directs the reader to the source ma- 
terials that are relied upon as authority 
for the comments being made. Each 
of these classes was examined exhaus- 
tively for references to case decisions— 
the sources for this study. 


Scope of Survey 


In reviewing the cases, only those 
that directly or indirectly ruled on 
water quality standards, those that in- 
dicated a need for or use of scientific 
data on water quality, and those that 
spoke of the expert witness in con- 
nection with cases of water pollution 
have been noted. Discussions of 
riparian rights under the common-law 
doctrines, the doctrine of prior ap- 
propriation, or a combination of 
theories of liability (or rights) based 
upon interests in real property are ade- 
quately treated in innumerable legal 
and non-legal publications and are not 
germane to this research. The survey 
is primarily concerned with standards 
of water quality as they are applied 
to data presented in litigation, usually 
by expert witnesses, and the ruling of 
the court, if any, as to admissibility or 
reasonableness. Thus, there is no con- 
cern herein with proprietary rights of 
the riparian owners, with the enforce- 
ment of statutory or administrative 
standards, with the amount or measure 
of damages, or with water pollution 
cases in general where there is no men- 
tion of standards or expert analysis 
of the water. 

As distinguished from quantity, the 
quality of water, per se, is seldom a 
matter of litigation, the major excep- 
tion being the enforcement of penal 
statutes. In fact, the quality of water 
is but one aspect of an action based on 
violation of a property or personal 
right, such as injury to land, injury 
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to the person, injury to livestock, or 
protection from public or private 
nuisances. Usually, water quality is 
no more than one fact among many, 
to be proved by the evidence of experts. 
When the quality of water is being 
litigated, standards may or may not be 
evaluated or otherwise considered. 
This paper considers those cases in 
which the courts have taken the oppor- 
tunity to comment upon the quality 
of water, standards, or technical data 
thereon, without entanglement with 
such other legal concepts of rights and 
liabilities. 


Non-Scientific Standards Established 
by the Courts 


There are several cases in which the 
court’s opinion can be construed as an 
attempt to set a standard of water 
quality without the aid of scientific 
data. The earliest example is provided 
by the following quotation from Lewis 
v. Stein (1849), 16 Ala. 214, 50 Am. 
Dee. 177: 


“The only remaining question is whether 
the evidence shows that the saw-dust injures 
the water. The witnesses state that the 
filmy substance found in the water was 
created entirely or in part by the saw-dust ; 
to what extent this substance impairs the 
sanatory qualities of the water, the wit- 
nesses do not know; one who was a physi- 
cian thought it did not render the water less 
healthful. We, however, think that the ex- 
istence of such a substance in the water is 
an injury to it; to say the least, it renders 
the water less pure, and is calculated to an- 
noy and disgust those who have it to use for 
the ordinary purposes of life, and conse- 
quently must be an injury to it.” 


A landowner in Illinois was success- 
ful in enjoining the discharge of village 
sewage into a stream passing through 
his land in Village of Dwight v. John A. 
Hayes (1894), 150 Ill. 273, 37 N.E. 218, 
49 Ill. A. 530, the court apparently 
concluding that the quality of water 
could be determined by anyone with 
normal faculties for observation. 


“That the sewage of a village of 1,600 
inhabitants discharged into a small stream, 
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will materially pollute the water of the 
stream and render it unfit for domestic use, 
for at least a few rods below the point of 
discharge, is a proposition too plain, and 
too thoroughly verided by ordinary experi- 
ence and observation, to admit of reason- 
able doubt.” 


To other courts, many cases of water 
pollution are obvious and need no 
analyses of the water’s quality other 
than the normal senses or reactions. 
Thus, in Klassen v. Central Kansas Co- 
operative Creamery Association of 
Hillsboro (1946), 160 Kan. 697, 165 
Pace. (2d) 601: 


“Hogs and chickens do not die from 
drinking water unless there is something 
the matter with it. It is not necessary that 
there be a chemical analysis as to whether 
the water was polluted to make a case to 
go to the jury. There was ample evidence 
that the water in the stream was polluted.” 


Or in Rusch vy. Phillips Petroleum Co. 
et al. (1947), 163 Kan. 11, 180 Pace. 


(2d) 270: 


“Appellants contend there was no evi- 
dence of a chemical examination of the 
water in 1942. That is true. It was not 
imperative there should be proof of pollu- 
tion by chemical analysis. ... There was 
evidence the water was tasted and found to 
be very salty in 1942... .” 


An opinion to the contrary of those 
discussed above was expressed in Tyr- 
rell-Combest Realty Co. v. Adams (Tex. 
Civ.) (1927), 291 S.W. 252. Chemists 
testified that the salt content was 105 
to 124 grains per gallon and unsatis- 
factory for domestic use, whereas 
Adams maintained that the water was 
good inasmuch as he and other lay 
witnesses used it. In its decision, the 
court stated: 


“Whether water is contaminated with im- 
purities, or contains ingredients rendering 
it hurtful, and maybe dangerous to the hu- 
man system, and unfit for domestic use, if 
used continuously, is a matter for scientific 
investigation and analysis, and cannot be 
correctly determined other than by such 
scientific investigation as will disclose its 
elements and their effect when used for the 
purposes in question, or by such continued 
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use as will demonstrate its safe and suitable 
adaptability to same, or the contrary.” 


A humorous, if non-scientific, ap- 
proach is taken in Town of Smithfield 
v. City of Raleigh (1935), 207 No. Car. 
597, 178 S.E. 144: 


“Indeed, it seems that the trial judge sub- 
jected the question to ‘trial by water,’ be- 
cause the record discloses that his Honor 
‘had drunk of the water, bathed in it, and 
suffered no ill effects.’ The ancient mode 
of ‘trial by water’ was aforetime deemed 
efficacious in determining the guilt or in- 
nocence of witches, and by applying the 
practice of the ancient law the distinguished 
jurist has found the waters of the Neuse 
River not guilty.” 


Needless to say, the courts would pre- 
fer to have chemical analyses, scientific 
criteria, and other expert evidence; 
but in the absence thereof, judicial 
bodies have not hesitated to express 
their own yardsticks of water quality. 


Adherence to Existing Scientific 
Criteria 


Where standards or other measures 
of water quality are available and 
where they have been introduced into 
the testimony, the courts have been 
willing to utilize such data, directly or 
indirectly, in reaching decisions. This 
adherence to existing scientific criteria 
may be divided into three categories, 
as follows: 


1, Adherence to unexpressed cri- 
teria; for example, when a court rules 


on a standard or on the data to which — 


it is being applied, without reference 
to it in technical terms. 

2. Adherence to expressed criteria; 
that is, where the court has measured 
data to a specific standard. 

3. Indirect acceptance of a standard ; 
that is, cases where expert data have 
been introduced in evidence and where 
they are apparently accepted as being 
either within or without a standard, 
which the reader must assume was 
known by the court, although it is not 
expressed. 
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Adherence to Unexpressed Criteria 


In Levi Blydenburgh v. George W. 
Miles and others (1872), 39 Conn. 484, 
the plaintiff sued under a penal statute 
making it an offense to permit refuse 
from stated activities to enter waters 
of the state, in order to protect fish 
and fisheries. In holding for the 
plaintiff, the court stated: 


“It is claimed that the declaration is de- 
fective in substance in not alleging that the 
refuse, which was permitted to drain into 
the sea, was deleterious to fish. As we in- 
terpret the statute it forbids, without 
qualification, the flowage or drainage of 
refuse materials from the kinds of business 
mentioned, into the waters adjacent to this 
state. It assumes that such substances are 
destructive, or at least harmful, to fish, and 
they must be so regarded until the contrary 
appears. We may concede that the word 
‘refuse’ is somewhat vague, and that there 
may be some practical difficulty in deter- 
mining, in some eases, precisely what was 
intended by it; but for the purposes of this 
case the presumption is that it has a suffi- 
ciently definite meaning to all persons who 
are familiar with the details of the business 
to which it relates. If in any case the 
question shall arise whether the material is 
refuse, within the meaning of the statute, it 
will be for the court, or jury, as the case 
may be, to determine it in the light of all 
the facts. It may happen that the sub- 
stance in question will be found to be dele- 
terious to fish, and yet not, strictly speak- 
ing, refuse.” 


A more recent case in the same juris- 
diction treated standards for receiving 
waters in the same manner, but more 
precisely. From the statement of facts 
in Frederick Lovejoy v. City of Nor- 
walk (1930), 112 Conn. 199, 152 Atl. 
210, the court declares: 


“The discharge of sewage into tidal wa- 
ters by the defendant does not interfere 
with the health and growth of oysters upon 
the plaintiff’s beds, but does introduce into 
those waters bacteria, known as B. coli, de- 
rived from human excrement. Certain in- 
testinal diseases may be communicated 
through pollution of food from excrement 
of persons afflicted with such diseases, and 
it has been the policy of the State Depart- 
ment of Health in recent years to forbid 
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the marketing of shellfish directly from 
grounds where pollution had gone beyond 
certain standards. Such standards are de- 
termined, not by the demonstrated presence 
of communicable disease under forbidden 
conditions, but by the consideration that the 
greater the degree of pollution, the greater 
would be the risk of communicating disease. 

“In 1926, the Department discarded the 
standard of count in oyster samples previ- 
ously used and adopted a standard of count 
of B. coli in samples, taken at certain 
depths and under certain conditions, from 
tidal waters flowing over oyster grounds. 
The number of B. coli per unit of water, 
regarded as permissible under this test was 
an arbitrary number, adopted by the De- 
partment, not as an indication of the pres- 
ence of disease, but as a precautionary 
measure, based upon the assumption that the 
greater the quantity of B. coli, the greater 
would be the risk of disease. Tests made 
indicated that the B. coli count in the waters 
of Norwalk harbor exceeded the standard 
adopted as permissible, and the plaintiff 
was refused certificates for the harvesting 
of oysters direct from his Norwalk beds for 


“The facts do not establish any actual 
destruetion or injury to the plaintiff’s 
oysters by the deposit upon them of sewage 
filth or sludge, or other visible and offensive 
conditions, but are confined to the existence 
in the waters flowing over them of bacteria, 
invisible to the naked eye, varying greatly 
as to presence and numbers under different 
conditions, and affecting the marketability 
of the oysters only by the application of 
arbitrary standards, and then not because 
of ascertained presence of disease or dis- 
ease-producing elements but as a precau- 
tionary health measure.” 


In the foregoing case, the court was 
willing to accept the standards of the 
State Department of Health without 
question, although the standards are 
not referred to in terms of specific 
values. 


Adherence to Expressed Criteria 


The second category, where criteria 
are expressed and data are recited, 
presents a greater variety in factual 
patterns. For example, an accepted 
criterion of dilution of sewage is ex- 
pressly approved in Platt Brothers and 


the 
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Co. v. City of Waterbury (1899), 72 
Conn. 531, 45 Atl. 154, 48 L.R.A. 691: 


“The accepted rule of safe tolerance is 
one part of sewage to twenty parts of pure 
water. It is found that during the months 
of July, August, September, and October 
of the years 1894, 1897, the average ratio 
of sewage in the waters of Naugatuck river 
a short distance below Platt’s mills to pure 
river water has been substantially one part 
of sewage to about eleven parts of pure 
river water; ... .” 


Likewise, in City of Cape Girardeau 
v. Herminia Hunze (1926), 314 Mo. 
438, 284 S.W. 471, 47 A.L.R. 25, the 


court states: 


“Respondent’s evidence also tends to 
show that the ratio of thirty parts of water 
to one part of domestic, or sanitary sewage 
is generally accepted by sanitary engineers 
as sufficient to prevent a nuisance; that 
ordinary sanitary sewage contains 99.8 per 
cent water and 0.2 per cent organic matter; 
that dilution with water tends to destroy 
sewage; that the organie matter will be- 
come attenuated, or broken up, by the 
process of dilution; ... .” 


Federal requirements were utilized 
and apparently adopted in Horton v. 
Town of North Attleborough (1939), 
302 Mass. 137, 19 N. E. (2d) 15. Here 
the plaintiff sued the town for lead 
poisoning incurred from the water that 
was carried from the main to the house 
in lead pipes. 


“This case relates to the plumbo-solveney 
of water, that is, the capacity of earbon 
dioxide, found to some extent in all natural 
water, to dissolve lead while water stands in 
or passes through lead pipe, and thus to 
render the water poisonous. Three tenths 
of a part in a million, or three parts in ten 
millions, is adopted by the United States 
Department of Health as the maximum 
amount of lead which may safely be in 
drinking water. Four parts of lead in a 
million make drinking water positively 
dangerous.” 


A reference to the total count of 
bacteria as expressed in ‘‘government 
regulations’’ is contained in Bountiful 
City v. De Luca (1930), 77 Utah 107, 
283 Pac. 435, and this criterion is used 
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without question by the court in stat- 
ing that: 


“Evidence was also given to show that 
samples of water were taken from the reser- 
voir and from the creek above the intake 
while the goats were in the creek, and that 
such samples contained from 130 to 250 
bacteria to the cubic centimeter, and that 
according to government regulations water 
containing more than 100 bacteria per cubic 
centimeter was unwholesome and injurious 
for culinary purposes. .. .” 


A limiting value for alkalinity as 
expressed by an unspecified yardstick 
occurred in Cushman et al. v. The 
Highland Ditch Company (1893), 3 
Colo. App. 487, 33 Pac. 344, when the 
court stated : 


“To sustain their action, the plaintiffs 
showed by chemical and professional testi- 
mony, as well as by the testimony of farm- 
ers, that the waters of the lake were im- 
pure, and held (according to some of the 
witnesses) nearly two hundred grains of 
solid alkaline matter to the gallon, when 


thirty-five is the limit consistent with 

safety.” 

Preference of One Standard Over 
Another 


There are no cases involving a ju- 
dicial determination of the preference 
of one standard over another. Appar- 
ently conflicting standards have not 
been an issue in litigations at the ap- 
pellate level to date. 


Indirect Acceptance of Standards 


The existence of some sort of stand- 
ard or criterion is assumed to have 
been known by the courts in certain 
eases, although it is not mentioned 
specifically in the finding. Values of 
the concentration of pollutants are 
given, with the implication that the 
reader knows such values to be beyond 
the limits of well-defined criteria. 
This implied knowledge is brought out 
clearly in Shell Petroleum Corp. v. 
Voss (1942), 190 Okla. 675, 126 Pac. 
(2d) 540: 


“He placed the salt content of the creek 
at only 1048 per million. It is known that 
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salinity of 1000 per million is negligible; 
and that salt only becomes harmful to 
vegetation when it approaches 4000 per mil- 
lion. 

“Water that in normal flow contains only 
1048 parts per million of salt is only 48 
parts per million above the known negligi- 
ble and unharmful state and is more than 
2000 parts below the known injurious mini- 
mum level, in so far as timber, grasses, and 
natural vegetation are concerned. . . .” 


A lower limit for the desirable dis- 
solved oxygen content of a stream is 
assumed to have been known by the 
eourt in Adam Eckart v. City of 
Belleville (1938), 294 Ill. App. 144, 13 
N.E. (2d) 641, in stating: 


“The stream contained a soapy scum on 
the surface of the water and teemed with 
sludge deposits with tubifex worms, fun- 
gus growth and vile odors. About three 
miles south of tank No. 1 the water was in 
the same condition and contained little dis 
solved oxygen. As far as 15 or 17 miles 
down the stream the water was turbid with 
yellow scum; sludge deposits gave off vile, 
foul odors, and had a dissolved oxygen 
saturation of only 35 per cent.” 


In West Penn. Water Company v. 
Sunnyhill Coal Co. (1945), 93 Pitt 
Legal Jl. 541, the plaintiff sought a 
mandatory injunction against the de- 
fendant for polluting the water sup- 
ply by strip mining of coal. Both par- 
ties had tried to solve the problem by 
lime treatment of the wastes, but the 
case eventually went to court, where 
the ruling was in favor of the de- 
fendant on the grounds that the water 
supply was permanently injured and 
that the plaintiff came too late for 
relief by injunction. In this ease, cri- 
teria of pH, alkalinity, and hardness 
are indicated, but not expressed. 

There are other cases, such as Allis- 
ton v. Shell Petroleum Corp. (1936), 
143 Kan. 327, 55 Pae. (2d) 396; Stam- 
ford Extract Manufacturing Co. v. 
Stamford Rolling Mills Co. (1924), 101 
Conn. 310, 125 Atl. 623; Panther Coal 
Co. Inc. v. Looney (1946), 185 Va. 758, 
405 E. (2d) 298; Cities Service Gas 
Co. v. Eggers (1940), 186 Okla. 466, 
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98 Pac. (2d) 1114; Champlin Refining 
Co. v. Smith (1942), 190 Okla. 287, 
123 Pac. (2d) 253; and Allen v. Cali- 
fornia Water and Telephone Co. 
(1946), 29 Cal. (2d) 466, 176 Pac. (2d) 
8, where water analyses were involved 
in the testimony and when yardsticks 
of quality may have been implied, but 
no promulgated standards were in- 
volved. These cases grade gradually 
into those based upon expert evidence, 
as described hereinafter. 


Coliform Bacteria as 
Fecal Pollution 


Indicators of 


During the course of this survey of 
judicial expression, attention was 
drawn especially to the cases in which 
the courts referred to coliform organ- 
isms and their role as indicators of 
fecal pollution. It is apparent from 
the cases cited below that the courts 
have been willing to accept the use of 
coliform organisms as indicators of 
fecal pollution, and that the presence 
of sufficient numbers of coliform bae- 
teria is deemed to be adequate evi- 
dence of contamination. 

Highly significant was the affirmed 
ruling for the plaintiff in People v. 
City of Los Angeles (1948), 83 Cal. 
App. (2d) 627, 189 Pace. (2d) 489, 335 
U. S. 852, 93 L.E. 400, 69 S.C. 80 
which restrained the city from main- 
taining sewers without permits from 
the State Board of Public Health, part 
of which stated : 


“The quality of water along the beach 
was not safe and suitable for bathing pur- 
poses as a result of such discharge and the 
bacterial count of Escherichia coli had ex 
ceeded 10 per cubie centimeter.” 


Another case with a more liberal 
limit was State ex rel. Board of Health 
of the State of New Jersey v. Borough 
of Vineland (1906), 72 N. J. Eq. 289, 
65 Atl. 174, (affirmed on appeal) 72 
N. J. Eq. 862, containing the statement : 


“Tf coli are found to exist in considerable 
numbers the conditions are believed to be 
conducive to the propagation of pathogenic 
organisms. The coli are, in themselves, 
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harmless, and the number that may safely 
exist in water is not entirely certain, one 
thousand coli to the eubie centimeter is be- 
lieved to disclose a dangerous condition of 
the water.” 


Hamilton v. Madison Water Co. (1917), 
116 Me. 157, 100 Atl. 659: 


“showed 30 colon bacilli to the 
ounce, while the samples taken at the mouth 
of Getchell Brook showed 300 to the ounce. 
... This high percentage did not of itself 
signify the presence of typhoid germs, but 
of the existence of a large quantity of sew- 
age. Colon bacilli are normally present in 
the intestines while the typhoid germ is a 
parasite. The presence of a large quantity 
of colon bacilli in water indicates therefore 
sewage pollution, and naturally the greater 
the percentage the greater likelihood of the 
existence of the typhoid germ.” 


Pennsylvania Railroad Co. et al. v. 
Lincoln Trust Co. Administrator 
(1929), 91 Ind. App. 28, 167 N.E. 721, 
170 N.E. 92: 


“ 


.. several samples of water were 
taken and found to contain gas formers and 
colon bacilli, the bacteria eount being 2,700 
colonies per cubie centimeter; the presence 
of colon bacilli indicated sewage pollution; 
the greater bacterial count, the greater the 
danger from typhoid bacilli. . . .” 


Some witnesses said, 


“ water containing gas formers is 


suspicious, and all witnesses testifying on 
the subject agree that water showing a bac- 
terial count of 2,700 per eubie centimeter 
is unfit for human consumption.” 


Safransky v. City of Helena (1935), 98 
Mont. 456, 39 Pac. (2d) 644: 


“Bacillus coli is in itself harmless. It is 
Bacillus typhosus that eauses typhoid fever. 
This is found only in the excretion of hu- 
man beings who are typhoid earriers. The 
finding of Bacillus coli in water analyses is 
an indication of some foreign substance or 
contamination in the water. Its presence 
creates a suspicion and indicates a possibil- 
ity of the presence of Bacillus typhosus, 
and a warning that immediate combative 
action is necessary. It is very difficult to 
isolate the typhoid germ. Ordinarily, only 
three or four persons in a thousand are 
typhoid earriers. In open or surface water 
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supply systems animal Bacillus coli is fre- 
quently present, but animal Bacillus coli 
never carries Bacillus typhosus.” 


John Wiesner, Jr. v. City of Albany 
(1928), 224 App. Div. 239, 229 N.Y.S. 
622, aff’d 250 N. Y. 551, 166 N.E. 320: 


“The presence of colon bacilli in water in- 
dicates contamination from human sources. 
Many types are harmless in the sense that 
they do not furnish the origin of disease. 
The typhoid bacilli (scientifically known as 
‘B. typhosus’) are the well-recognized cause 
of typhoid fever. While they are difficult 
of isolation they belong to the colon groups, 
and the presence of colon bacilli in water 
indicates that there is grave danger that the 
typhoid bacilli are also present; and this 
becomes a practical certainty when there is 
an outbreak of typhoid fever, not directly 
traceable to other sources of infection.” 


The foregoing cases illustrate ju- 
dicial acceptance of the sanitary bac- 
teriologists’ use of coliform organisms 
as indicators of fecal contamination. 
Other similar cases, cited in the Caltech 
report, have been omitted from this 
paper. 

One exception, however, occurred in 
People v. Bowen (1941), 376 Ill. 317, 
33 N.E. (2d) 587. Here Bowen, the 
Director of the Department of Public 
Welfare of the State of Illinois, was 
indicted and found guilty by the trial 
court of palpable omission of duty for 
failing to take proper measures to 
render drinking water at a state hos- 
pital safe. As a result, an epidemic 
of typhoid fever resulted with much 
illness and many deaths. On appeal, 
the Supreme Court of Illinois reversed 
the decision and stated: 


‘ 


*. . . the most that can be said for any 
of the 158 exhibits, is that it showed the 
water to be either positive or negative as to 
coli aerogenes. It appears from the record 
that coli aerogenes or colon bacillus may be 
friendly or inimical, and that the mere 
presence of the colon bacillus in water 
proves exactly nothing as far as typhoid 
fever is concerned. The tests seem to have 
been made by a method of broth fermenta- 
tion, and determined nothing more than the 
presence or absence of some kind of colon 
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bacillus. It further appears that this type 
of bacillus is present in the air one breathes, 
in milk, on fruits and practically every- 
where. 

“It is further apparent that colon bacillus 
may be of the fecal or non-fecal types and 
that so far as typhoid is concerned, it is 
only the fecal type from man alone (not 
from animals) that can spread the disease. 
The typhoid bacillus could not possibly have 
been identified by the laboratory means 
used in any of these reports and none of 
them is of any value to the People in an 
attempt to prove the guilt of the de- 
fendent. 


Rejection of Promulgated Standards 


As described hereinbefore, there are 
numerous cases in which the courts 
have accepted without question stand- 
ards or criteria of water quality as 
established by governmental bodies, or 
as introduced by expert witnesses. In 
only one reported case has there been 
a rejection of such standards. This 
case, however, presents a very limited 
fact situation, and the reference is fur- 
ther weakened by the court’s own label 
of it as dictum; that is, a judicial 
opinion on a point other than the pre- 
cise issue involved in a ease. The 
standard involved was embodied in a 
city ordinance and the court did not 
have to treat the reasonableness of 
the ordinance, being able to decide the 
case on other grounds. 

In Hyman v. Dillon as chief of police 
of the City of Miami (1920), 79 Fla. 
673, 84 So. 666, the plaintiff, who was 
the manager of the Miami Water Co., 
argued that his arrest was illegal and 
that the city ordinance requiring a 
permit to sell water was invalid. See- 
tion 3 of the ordinance provides in 
part: ‘‘It shall be unlawful for any 
person, firm or corporation to sell, 
serve or supply for a consideration, 
any water for human consumption con- 
taining more than 300 parts per million 
of chlorine in the form of magnesium 
or sodium chlorides, or more than 250 
parts per million of carbonates in the 
form of calcium or magnesium carbon- 
ates’? and Section 4 provides in part: 
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“It shall be*unlawful for any person, 
firm or corporation to sell, serve or 
supply for a consideration, any water 
for human consumption containing 
more than 200 bacteria to 1 eubic 
centimeter, or which is not potable, or 
which (cannot) be used for human con- 
sumption without danger to human 
life.’’ In holding for the plaintiff, 
the court stated: 


“Tt is not within the power of a munici- 
pality in the exercise of its legislative fune- 
tion in behalf of the public health to declare 
that all water which contains a certain per- 
centage of solid matter is unwholesome and 
unfit for use or such is not the hygienie 
fact. 

“The ordinance was evidently intended to 
require that company to supply water con- 
taining not more than a certain percentage 
of solid or mineral matter, upon the theory 
that the water furnished at present by the 
company is unwholesome if it contains more 
solids than preseribed. The power of the 
municipality to require this to be done ex 
ists provided the standard set by the new 
ordinance in fixing a maximum of chlorine 
and carbon content marks the limit beyond 
which water becomes impure and unwhole 
some. 

“Not to regard the insinuations in the 
evidence and inuendoes of counsel that the 
purpose of the ordinance was commercial 
and not hygienic, if we inquired into the 
reasonableness of the requirements of the 
ordinance it would be difficult to reconcile 
the specification limiting the chlorine con- 
tent in the form of ‘magnesium or sodium 
chlorides’ to 300 parts per million with any 
other purpose than one to secure water 
agreeable to the taste, rather than necessary 
to the preservation of the public health.” 


Approval or Disregard of 
Expert Evidence 


There have been a number of cases 
over the years in which the courts have 
expressed approval of expert evidence 
dealing with water quality, or even 
lamented its absence and suggested its 
use. Experimental data and opinions 
presented by qualified scientists are 
often held in high esteem by the courts. 
Examples of the courts’ opinion of ex- 
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pert evidence, too numerous to cite in 
this article, are contained in the full 
Caltech report. 


Miscellaneous 


Before concluding, several miscel- 
laneous cases deserve mention. They 
are concerned with methods of legal 
analysis and the judicial approach to 
aspects that probably are of interest 
only to the lawyer. Oklahoma, with 
much experience in cases of water pol- 
lution, has put into the case law an 
obvious, yet important, consideration. 
In Shell Petroleum Corp. v. Kent 
(1940), 187 Okla. 637, 105 Pae. (2d) 
230, the plaintiff sued for deprecia- 
tion in value of land and cattle by salt- 
water pollution of a creek. The de- 
fendant argued that the statute of limi- 
tation had run as the stream had been 
permanently polluted longer than the 
period established thereby. In affirm- 
ing the verdict for the plaintiff, the 
court stated: 


“To deny that a stream once regarded as 
permanently polluted can thereafter become 
relatively pure is to disregard the operation 
of natural forces.” 


Significant also is the California de- 
cision in Wright v. Best (1942), 19 Cal. 
(2d) 368, 121 Pace. (2d) 702, dealing 
with pollution by mining debris and 
its effects on soil and fish. There had 
been an agreement to permit pollu- 
tion at an annual fee, to ripen into 
prescriptive rights. Here the court 
declared : 


“Moreover, quality, unlike quantity which 
is a measurable element, is not a subject of 
sale.” 


While not strictly relevant to this 
investigation of instances where the 
courts have ruled on the reasonable- 
ness or unreasonableness of water 
quality standards, two cases have 
turned up in the course of this survey, 
which may be of considerable interest 
to water pollution control authorities. 
These cases deal with administrative 
law and the validity of a statute creat- 
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ing an administrative agency. The 
issue is that of improper delegation of 
legislative authority to an administra- 
tive board. It is recognized that there 
are other cases dealing with the same 
legal principle. Inasmuch as the ones 
presented hereinafter deal specifically 
with the subject of water quality 
standards, they were deemed to be of 
interest in this investigation. 

In State ex rel. Martin v. Juneau 
(1941), 238 Wis. 564, 300 N.W. 187, 
the court held that Chapter 144 of the 
stream pollution law was not invalid 
for indefiniteness and uncertainty on 
the ground that it contained no stand- 
ard or guide to cover the actions of the 
State Board of Health and Committee 
on Water Pollution, since the whole 
purpose of the law was to prevent pol- 
lution or contamination of the waters 
of the state by conferring power on the 
administrative agencies to prescribe 
operating results that would achieve 
that purpose. 

In Texas Co. v. Montgomery et al. 
(1947), 73 F. Supp. 527, affirmed in 
332 U.S. 827, 68 S. Ct. 209, 92 Law Ed. 
402, the plaintiff maintained that an 
order of the Louisiana Stream Con- 
trol Commission, of which Montgomery 
was a Commissioner, concerning the 
disposal of oil-field brines, or the Act 
creating the Stream Control Commis- 
sion, violated the 15th Amendment of 
the Federal Constitution. In dismis- 
sing the plea of the Texas Co., the court 
stated : 


... Plaintiff argues that there is no 
plan or standard fixed in the act for the 
Commission’s guidance and that the Com- 
mission is vested with discretion to approve 
or condemn as it sees fit. The obvious an- 
swer is that it would have been impossible 
for the Legislature to prescribe a formula 
for the Commission’s guidance or to lay 
down rules and reference to harmful pollu- 
tion, applicable to all water: what might be 
harmful pollution in one body of water 
might not be harmful pollution in another. 
Of necessity, a determination of the facts 
of what might constitute harmful pollution 
was left to a fact finding group. . . . The 
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modern tendency is to be more liberal in 
permitting grants of discretion to adminis- 
trative bodies or officers in order to facili- 
tate the administration of laws as the com- 
plexity of economic and governmental con- 
ditions increases.” 


Summary 


The case law surveyed in this study 
does not reveal one case in which water 
quality criteria have been pronounced 
directly as reasonable or unreasonable. 
Several decisions have accepted stand- 
tards as satisfactory by reference to 
them in relation to technical data. 
Many indirectly approve standards 
that are assumed to have been intro- 
duced into evidence from the language 
of the court and the presence of tech- 
nical data. One case, by dictum, re- 
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jected the standards of a municipal 
ordinance. The cases surveyed show 
clearly the lack of precise, step-by-step 
judicial development of rules for water 
quality standards. 

It may well be that only legislative 
or administrative action is capable of 
providing an adequate solution to the 
problem of water quality criteria. 
This survey, however, cannot be said 
to demonstrate that the judicial process 
is incapable of coping with the prob- 
lem. If anything, it merely demon- 
strates that the lawyer and his expert 
witnesses, in presenting a case, often 
fail to seek out and intelligently pre- 
sent scientific data. It is hoped that 
the Caltech study can make the data 
more readily available to the lawyer 
and expert witnesses. 
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THE OPERATOR’S CORNER 


ConpucTED BY HERBERT P. ORLAND 


A simple and inexpensive device, or 
a seemingly inconsequential change in 
a plant unit, may sometimes reduce the 
operator’s work or worry so drastically 
as to make one wonder how he ever 
got along prior to its introduction. 
Some of the ‘‘gadgets’’ made and uti- 
lized at the Boise sewage treatment 
plant are described herein in the hope 
that others may be able to adapt them 
to their own situations, if applicable, 
and benefit thereby. 


By-Pass Modification 


What has become one of the plant 
operating units by reason of its effect 
on plant operation, is a gate and float 
unit installed on the emergeney by- 
pass. <A concrete wall was constructed 
in front of the original headwall at 
the outfall end of the by-pass (Figure 
1). A 3-ft. wide sluice opening extend- 
ing the full depth of the wall allows 
flushing of the line when necessary. A 
wooden gate with lap joints is held in 
place by angle-iron guides to close the 
opening. An old gate stand was sal- 
vaged to permit raising or lowering of 
the gate as required. 

Ordinarily, the gate is closed. In 
this position its top is 3 ft. above the 
top of the sewer. This is below the 
elevation of the top of the comminutor 
well. With this arrangement, if for 
any reason the raw sewage pumps 
should stop, raw sewage would be 
backed up in the main interceptor line 
until it reached the top of the gate, 
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then overflow to the river. This would 
cause no damage to the comminutor or 
the basement where the pumps are lo- 
cated. . 
Another advantage of the overflow 
gate is that it eliminates deposition 
of silt in the by-pass line when dams 
upstream on the receiving stream are 
desilted each year. Prior to installa- 
tion of the gate, this was a serious 


> 
FIGURE 1.—Sluice on emergency by- 
pass permits additional flexibility in op- 
eration while easing operator’s mind. 
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FIGURE 2.—Indicator on emergency by- 
pass float is visible from main office. 


problem, on one occasion resulting in 
complete plugging of the line. 

Still another advantage of the ar- 
rangement is that the flow of raw sew- 
age to the plant can be evened out to 
some extent. This is accomplished by 


partially closing the comminutor gate 
and utilizing the interceptor and by- 


pass as ‘‘storage’’ facilities during the 
peak flow hours. <As a_ safeguard 
against overflow of raw sewage into 
the receiving stream, a float and indi- 
cator (Figure 2) were installed. These 
are so arranged that the elevation of 
sewage in the by-pass is easily detect- 
able from the main office by means of 
the indicator. 

The arrangement has yet another 
concrete advantage in operation, in 
that it allows backing up of sewage to 
an elevation slightly in excess of the 
pump impeller when a raw sewage 
pump is to be started. This eliminates 
the necessity for priming or vacuum 
during the pump starting procedure. 

A small quantity of raw sewage lies 
in the 130-ft. long emergency by-pass 
line. Normal daily use surges help to 
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exchange some of the sewage in the 
dead line. The line is flushed out oe- 
casionally during high water. 

Total cost of the gate installation and 
appurtenances was less than $90, in- 
cluding the cost of 2 cu. yd. of concrete, 
form lumber, gate materials, and float 
and indicator materials. Labor was 
performed by plant personnel. 


Sand Tools 


Fine sand in the sewage flow pre- 
sents a problem by settling out in the 
primary clarifier influent channels. To 
determine the depth of the deposited 
sand, the sounding device at the left 
of Figure 3 is used. The sounder con- 
sists of 1-in. tubing, to which is welded 
the top of a 5-gal. paint can, and in 
which is inserted a 14-in. rod. In use, 
the dise settles on top of the sand, but 


FIGURE 3.—Sand depth sounder (left) 
and sand scraper (right) for cleaning pri- 
mary clarifier influent channels. 
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the rod settles to the channel bottom. 
Suitable markings at the upper end of 
the rod give the sand depth. 

To remove the sand, the scraper at 
the right of Figure 3 is used. This 
consists of a coop pan mounted by a 
swivel yoke on the end of a long rod. 
Sand can be removed from the pri- 
mary influent channel with this device 
without interrupting the flow through 
the channel. 


Engine Speed Control 


The sludge gas engines driving the 
rotary air blowers at the Boise plant 
are set on a spring base. The slight 
vibration resulting from operation un- 
der these conditions continually shifted 
the throttles, changing the speed of 
the engines. 

This condition was overcome by the 
arrangement shown in Figure 4. <A 
slotted hook on the throttle (left) en- 
gages a wing-nutted screw on the end 
of a turnbuckled bar, which in turn is 
anchored (at the right) to an existing 
bracket. The slot-and-wing-nut com- 
bination at the throttle end allows the 
control bar to be disconnected quickly 
in case of necessity. The turnbuckle 
permits advancing or retarding the 
throttle, then holding it indefinitely in 
the set position. 
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FIGURE 4.—Simple throttle yoke holds gas engine speed constant despite vibration. 


Sludge Samplers 


Figure 5 shows a homemade tongs 
for handling digester supernatant sam- 
pling containers, together with a ‘‘slide 
rule’’ arrangement for measuring 
sludge drawoff. When sludge is drawn 
to the drying beds, the tank water level 
drops, as observed in the overflow 
pipes. The slide rule measures the 
amount of the drop, and is graduated 


FIGURE 5.—Homemade tongs make 
supernatant sampling easier and “slide 
rule” measures sludge drawoff for sale to 
contractor. 
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FIGURE 6.—Counterweight helps in opening digester overflow box lid. “Scotchlite” 
strip (arrow) shows position of floating cover at night. 


to read directly in gallons. Analysis dry volume basis, on which the pur- 
of the dry solids content permits caleu- chasing contractor is charged. The 
lation of the amount of sludge on a_ figure so obtained is a check against 
the actual haulage and agrees with that 
value within 5 per cent by correcting 
to 70 per cent moisture in the dry 


sludge. 


Back and Step Savers 


The steel lid of the digester overflow 
well weighs approximately 95 lb. To 
reduce the possibility of back strains, 
a counterbalance (Figure 6) was rigged 
with a piece of pipe, a pulley, some 
cable, and some old iron. 

A great saver of steps, especially at 
night, is a 4-in. by 16-in. piece of 
‘*Scotchlite’’ pasted on the floating 
cover near the top of the cover sidewall. 
Reflection of a flashlight from this 
strip shows the floating cover position 
from a distance at night. 

Another back and step saver is the 
shop-made sludge loader shown in Fig- 
ure 7. Basic materials of the loader 
are a Ford front axle, angle iron, gal- 

FIGURE 7.—Shop-made sludge loader vanized iron, some belting, and some 
is powered by '-hp. gasoline washing V-belt pulleys. It is powered by a 4- 
machine motor. hp. gasoline motor from a washing ma- 
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chine. Total cost was less than $100. 
Its use saves approximately $1 per 
cubie yard over the cost of loading the 
sludge by hand into a dump truck. 
The loader is light and one man can 
easily control it in sludge beds for 
loading directly into dump trucks. 


Chairman Giles:—The subject of 
aerobic treatment alone could take a 
whole session and more. Nevertheless, 
the discussion invited here is on the 
broad subject of aerobic treatment, in- 
cluding trickling filters, applications, 
rights, sand filters, activated sludge, 
lagooning, utilization of sewage for 
farming, and any other phase. 

Bernard P. Skulte, Sanitary Engi- 
neer, Stone and Webster Engr., Inc., 
Boston, Mass.:—Irrigation with water 
carrying domestic wastes was known in 
the ancient world, for instance in 
Athens. In the Middle Ages, the town 
of Bunzlau, Silesia, was famous for its 
sewage irrigation facilities. 

With the concentration of popula- 
tion and construction of sanitary sew- 
ers, the immediate pollution of rivers, 
lakes, and harbors was the factor which 
stimulated early irrigation on land. 
As sewage was applied on the fields of 
the sewage farms, owned by the com- 
munities themselves, attempts at econ- 
omy of installation and operation usu- 
ally resulted in too much sewage being 
used on too little land. Septic condi- 
tions were apt to result. Three factors 


*From transcript, 25th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; New York, N. Y.; Oct. 6-9, 1952. 
The first section of this Forum, covering the 
subjects of pumps and pumping, sewage 
plant laboratories, and personnel, appeared 
in THIS JOURNAL, 25, 2, 219 (Feb., 1952). 
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retarded the utilization of sewage on 
land. The first of these was the inten- 
tion of using mechanical means in 
sewage treatment, with its immense in- 
vestments. The second was the intro- 
duction of temporarily convenient 
commercial fertilizers. The third was 
the mistake of overdosing the early 
sewage fields, so that even the farmers 
lost interest in irrigation with sewage. 

When the loss of soil fertility all 
over the world became evident by the 
growing menace of soil erosion, and the 
science of agronomy had established 
the fact that soil fertility cannot be 
maintained by chemical nutrients 
alone, there arose a new movement for 
the increase of organic matter through 
improving (irrigation and melioration) 
of meadows and pastures. Grasses and 
manure increase the much-needed or- 
ganic matter in the topsoil, as well as 
the fertility of farmland. As an ex- 
ample, in 1913 and 1914, thanks to the 
improved condition of meadows, the 
hay harvest in Germany established a 
record never reached since. The same 
years were also the record years of 
agricultural productivity. Then came 
World War I, with its collapse of agri- 
culture. Following the war it took 12 
years to reach the same level of pro- 
ductivity of grain, 14 years for po- 
tatoes, and 18 years for livestock. This 
increase did not keep pace, however, 
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with the consumption of commercial 
fertilizers. Although their use in the 
period from 1913 to 1938 did increase 
(potassium by 2'%-fold and nitrogen 
by 4-fold), the productivity of main 
crops had risen only 13 per cent; that 
is, at the same rate as the livestock 
units increased, or proportional to the 
manures which they supplied. Never- 
theless, the amount of manure never 
was sufficient (now much less) to re- 
place the amount of humus lost in the 
ordinary process of farming. There- 
fore, in many areas the farmers started 
to use more and more sewage effluent 
through broad irrigation on meadows, 
pastures, and farmland. 

Both progress and retrogression have 
accompanied the solution of this prob- 
lem in Europe. Engineers and manu- 
facturers have been on both sides in 
this matter. There are good examples 
of utilization of municipal sewage and 
of treatment on land of textile, dairy, 
sugar, leather, and other industrial 
wastes, where mechanical treatment has 
failed. On the other hand, there also 
have been failures, largely due to dis- 
regarding of instructions or by-laws. 

But there is a shortage of food sup- 
plies in Europe and new ways are re- 
quired to increase productivity. 

In Germany in the middle 1930’s, 
sewage effluent from 20 per cent of the 
population dwelling in towns and cities 
was used for irrigation purposes. 
Meanwhile, only an additional 10 per 
cent of the population was served with 
biological treatment plants. 
There are some good examples in Eng- 
land, France, Spain, and Italy, as well 
as a few failures. 

What of the problem in the United 
States? This country is rich, and the 
standard of living here is the highest 
in the world. Yet, because of the 
wasteful exploitation of soil fertility, 
a period of financial depression, a se- 
ries of droughts, and dust storms, this 
country has lost more than one-half of 
its agricultural land. According to the 
views of many scientists, the tendency 
during the period from 1910 to 1940 
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for the supply of farm products to rise 
faster than the demand may be about 
at anend. This is because the popula- 
tion might easily reach 174,000,000 
persons by 1960. There no longer 
seems to be a lot of cropland that can 
easily and cheaply be put to work pro- 
ducing food. Therefore, an attempt 
must be made to increase the produc- 
tivity per acre or open more high-grade 
irrigated land. 

Since many of the existing sewage 
treatment plants are overloaded or in- 
adequate, instead of squandering new 
billions for the destruction of organic 
matter, a more progressive approach 
would be to investigate the possibilties 
of agricultural utilization of sewage in 
each case. Sewage disposal on land 
is the most natural and the best method 
of sewage treatment—even better than 
artificial biological purification. For 
watercourses it affords good protection 
against sewage pollution. It also sup- 
plies the necessary nutrients, humus, 
and moisture to the soil, thus fulfilling 
the requirements of cultivated plants. 

Any kind of arable soil will carry 
the light water loads imposed, but the 
best results will be given by light 
gravelly and loamy used as 
meadows and pastures. 

There is a strong argument for using 
only meadows and cattle fodder fields 
for irrigation purposes. Health offi- 
cials look with some criticism on the 
utilization of sewage for agricultural 
purposes, for fear of disease. Actu- 
ally, where this new method of sewage 
irrigation has been used successfully 
during the last few decades, no epi- 
demies or even isolated eases of dis- 
ease have been traced to sewage utili 
zation. If sewage effluents are applied 
by overhead irrigation during the 
erowth of grass or clover, such appli 
cation should be stopped 10 days before 
harvest or pasturage of grass for cattle 
fodder. As imperative as is the use 
of manures, so must be the utilization 
of domestic sewage. Sewage is better 
than manure, because it comes from 
the better food used. What is taken 
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from the land must be returned to it. 
Only hyperaesthetes, perhaps, would 
protest, but the average citizen will 
accept the necessity for the practice 
as self-evident, because on it depends 
our survival, as well as the future of 
our Western civilization. 

W. N. Wells, Superintendent, Sew- 
age Treatment Plant, San Antonio, 
Tex.:—Although San Antonio has 
quite an extensive irrigation system, it 
wasn’t particularly planned. Despite 
the fact that the original installation 
was for irrigation, additional facilities 
have had to be constructed in later 
years. The old canals are still used, 
however, as well as an artificial lake 
that serves as a storage reservoir. 

That part of the San Antonio sewage 
flow that cannot be treated at the 
municipal plant is ‘‘lagooned’’ in 
Mitchell Lake. Water from this oxida- 
tion pond is used to irrigate about 
4,000 acres of pasturelands. Use of 
the water for irrigation of vegetables 
is frowned on, however. 

As far as sludge is concerned, the 
conditions at San Antonio result in 
some peculiar contracts. Competitive 
bids are taken for sludge removal. 
. Under the present contract, the con- 
tractor pays the city $50,000 per year 
and sells the sludge after flash drying 
and grinding. 

C.E. Keefer, Deputy Sewerage Engi- 
neer, Bur. of Sewers, Baltimore, Md.: 
—Use of the effluent from Baltimore’s 
Back River sewage treatment plant by 
the Sparrows Point plant of Bethle- 
hem Steel Co. has been adequately de- 
scribed elsewhere (see Sewage Works 
Jour., 20, 1, 15; Jan., 1948). The steel 
company built an effluent treatment 
works consisting of sedimentation 
tanks and _ chlorination facilities. 
Treatment consisted of adding about 
5 grains of alum per gallon to the 
humus tank effluent. It has not been 
necessary to treat the activated sludge 
effluent used, except for chlorination. 

Modifications in the humus tanks 
during the past two years make it pos- 
sible to provide an effluent containing 
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about 10 to 15 p.p.m. of suspended sol- 
ids. Currently, therefore, the steel 
company does not have to coagulate 
the solids with alum, but simply to 
chlorinate. 

In the early 1940’s, about 25 m.g.d. 
of effluent were so used. In 1952, the 
quantity is somewhere between 45 and 
50 m.g.d., with some peaks as high as 
62 m.g.d. The return to the city 
amounts to some $20,000 to $25,000 
per year. There is talk of utilizing the 
entire flow from the sewage plant by 
constructing a new pipe line to the steel 
plant, so that use can be increased 
to 100 m.g.d. or more. 

The reclaimed effluent is used for 
cooling purposes in the sheet mills. 
High chloride contents resulting from 
salt-water infiltration have been re- 
duced substantially by systematic in- 
spection and repair of the trunk sew- 
ers, particularly along the harbor wa- 
ter front. Elimination of large indus- 
trial sources of chlorides also has 
reduced the chloride content consider- 
ably. 

The steel company contract for efflu- 
ent purchase specifies a maximum per- 
missible chloride content of 250 p.p.m. 
In general, however, the chloride con- 
tent is now in the neighborhood of 100 
p.p.m. 

L. H. Enslow, Editor, Water and 
Sewage Works Magazine, New York, 
N. Y.:—What are the legal aspects of 
this situation? There would seem to 
be a divided responsibility to the 
stream pollution authorities responsible 
for the Baltimore area. Who watches 
what when the effluent from the Beth- 
lehem Steel plant now pollutes Back 
River? 

Mr. Keefer:—The steel plant is on 
the Patapsco River, which is a much 
larger stream than Back River. In 
addition, since the chlorinated sewage 
effluent is used only for cooling pur- 
poses, it is almost entirely free of or- 
ganisms and suspended solids. No 
eases are known of complaints arising 
from discharge of this effluent to the 
Patapseo River. 
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E. Sherman Chase, Consulting En- 
gineer, Metcalf and Eddy, Boston, 
Mass.:—What happens when there is 
a steel strike or some other shutdown 
of the steel mill? 

Mr. Keefer :—In that event, the steel 
mill treatment plant is shut down and 
the sewage plant effluent is discharged 
to Back River through the regular 
plant outfall. During the steel strike 
in the spring of 1952, the plant was 
operated for a short period each day 
in anticipation of putting it quickly 
into service again upon settlement of 
the strike. 

Grover L. Morris, Superintendent, 
Sewage Treatment Plants, Oklahoma 
City, Okla.:—How does the city go 
about controlling discharges to the 
sewer system, especially as regards 
wastes high in chloride content? 

Mr. Keefer :—There has not been too 
much of a problem with reference to 
industrial Whenever a new 
firm comes into the city we insist on 
waste samples. If the samples show 
the waste to be detrimental, treatment 
is required or no permission is given 
for discharge to the sewers. An ex- 
cellent example is one waste currently 
under consideration. <A large yeast 
plant has been discharging its waste 
into a stream emptying into the harbor. 
Permission has asked to divert 
those wastes to the municipal sewers. 
In all probability, pretreatment will 
be a necessary prerequisite to issuance 
of a permit. 

Question from the floor:—How do 
you treat chloride wastes? 

Mr. Keefer:—We do not remove the 
chlorides. Although it could be done, 
it would be extremely uneconomical. 

A. H, Ullrich, Superintendent, Sew- 
Treatment Plant, Austin, Tezx.:- 
[s the effluent used once through, or is 
it recirculated? How would a sewage 
effluent, with possibly a high nitrate or 
high ammonia content, react in a cool- 
ing tower? Is break point chlorination 
necessary to break the ammonia? 

S. L. Allison, Superintendent, Sew- 
age Treatment Plant, Corpus Christi, 
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Tex.:—At Corpus Christi, use of sew- 
age treatment plant effluent in a closed 
cooling circuit at a refinery gave 
trouble with slime accumulations. 
Chlorination at 240 lb. per day was 
indicated by tests, but after the first 
day’s operation it was found that 50 
lb. per day would keep the slimes 
within acceptable limits. Operation 
was continued for some time under this 
dosage, but a change in pH finally 
caused trouble. 

The slime accumulated, but oxida- 
tion in a cooling tower took care of 
humus accumulation. Chlorination at 
the rate of 57 lb. per day then en- 
tirely reduced the slimes in the closed- 
circuit cooling system. Effluent use is 
confined to make-up water in the closed 
system, amounting to about 65 m.g. per 
month. The effluent contains 10 to 15 
p.p.m. B.O.D. and has a chlorine de- 
mand of about 7 p.p.m. 

Chairman Giles:—There are many 
cases where stream and harbor flows 
used for industrial cooling have pre- 
sented similar problems with build-up 
of growths. In most eases, chlorination 
has controlled the growths. There are 
also many cases where secondary treat- 
ment, such as in high-rate trickling fil- 
ters, gives a better liquid to work with 
than some of the receiving streams used 
for industrial purposes. 

This brings up the question of how 
high a rate of sewage flow is being 
handled by high-rate trickling filters. 
There is plant in Connecticut 
where the maximum flow rates approxi- 
mate 26 m.g.d. per acre, with a very 
cood effluent. 

Mr. Morris :—The diseussion of chlo- 
rides rather amuses me, as the chloride 
levels mentioned strike me as being 
just about right. At Oklahoma City, 
during summer flows the chloride con- 
tent of the river to which the plant ef- 
fluent is discharged runs about twice 
that of sea water. In addition, the city 
is interecombed with old steel blow and 
salt-water lines, which are continually 
breaking and leaking. with resulting 
seepage to the sewers. Some days as 
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much as 1,500 to 2,000 bbl. of crude 
oil are received at the sewage treat- 
ment plant with the sewage, besides 
high chloride contents. 

Mr. Chase:—Are the filter flies un- 
der control? 

Mr. Morris:—The larger of the two 
Oklahoma City plants is the South 
Side plant, handling 25 m.g.d. Treat- 
ment consists of two-stage filtration 
with intermediate clarification and 
separate sludge digestion. 

There are great numbers of larvae 
in the filters, but no free flies about the 
plant or structure. Some must get 
out, of course, but they are not in 
evidence about the plant. The filter 
walls are continually wetted down, 
which probably accounts for the low 
emergence rate. The number of snails 
in the filters is, however, quite high. 

The primary and secondary filters 
are similar in construction, all being 
6 ft. deep. Loadings amount to 4,300 
lb. B.O.D. per acre per day on the 
primaries and 400 lb. B.O.D. per acre 
per day on the secondaries. 

H. J. Graeser, Asst. Superintendent, 
Water Dept., Dallas, Tex.:—The trick- 
ling filters at Dallas are of standard 
type, 8 ft. in depth, and currently 
loaded at 8,000 lb. B.O.D. per acre per 
day. Excellent results are being ob- 
tained. 

At the new plant, now under con- 
struction, the piping and orifices have 
been designed to handle any loading 
that may be found possible in later 
plant operation. 

Chairman Giles :—It would seem de- 
sirable to determine the loading limits 
for filters. They seem to be able to 
handle considerable overloads beyond 
the usual design capacities, and with 
remarkably good results. 

In one Connecticut plant, installa- 
tion of a recirculation pump with an 
existing standard high-rate trickling 
filter has made it possible to maintain 
high flow rates all during the night, 
thus keeping the filter growth at an 
optimum and producing a high degree 
of purification. 
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Mr. Keefer:—For many years the 
filters at the Baltimore Back River 
plant were dosed at a rate of about 
2.5 m.g.d. per aere. Experiments with 
two small rotary distributors showed, 
however, that flows as high as 30 m.g.d. 
per acre could be handled satisfac- 
torily. As a result, the 30 acres of 
filters have been fitted with 50 rotary 
distributors, the spray pattern being 
superimposed on that of the fixed 
nozzles. At present, of course, the hy- 
draulic loading is not too high, being 
less than 3 m.g.d. per acre. The rotary 
distributors are normally in use, the 
fixed nozzles being held as a reserve 
dosing system. The system at times 
has handled more than 200 m.g.d. on 
the 30 acres of filter area, although no 
recirculation is practiced. We do not 
consider these filters as being in the 
high-rate classification. 

The stone in these old standard filters 
is a trap rock of 214- to 3-in. size. 
During the 41 years they have been in 
operation not a single yard of replace- 
ment stone has been needed. The stone 
depth is 8.5 ft. 

Mr. Enslow:—What about flies and 
odors? 

Mr. Keefer:—There is no particular 
problem with flies. For the past two 
years the influent to the filters has 
been treated with Gammexane on a 
bi-weekly schedule. 

It is difficult to judge, of course, but 
the odors seem to be no worse, and 
probably better, than they were some 
years ago. The reduced intensity of 
the odors may be caused by fresher 
sewage being received at the plant be- 
cause of the greater flow now prevail- 
ing. Reduction of septicity in the sew- 
age has improved operation of the en- 
tire plant, insofar as emanation of 
odors is concerned. 

Mr. Chase :—What has been the ef- 
fect on comparative nitrification? 

Mr. Keefer:—Experiments indicate 
that in winter the efficiency of the fil- 
ters is reduced, but that in summer, 
even with rates well above 20 m.g.d. 
per acre, removals are quite high. 
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Comparative nitrification drops off, as 
would be expected, with the higher 
rates of flow. 

Question from the floor:—Has clog- 
ging presented any problem? 

Mr. Keefer:—These particular fil- 
ters have been practically free of clog- 
ging all during their 41-year history. 


Sludge Digestion and Disposal 


Chairman Giles:—Although sludge 
digestion and sludge disposal were 
originally listed as separate discussion 
topics for this session, the two are so 
closely connected that they might 
really be considered two phases of the 
same subject. Some of the problems 
involved include cleaning of digesters, 
starting of digesters, scum, and how 
to finally dispose of the accumulated 
sludge. 

Edwin A. Locke, Operator, Sewage 
Treatment Plant, Hartford, Conn. :— 
The four digesters at Hartford are 50 
ft. in diameter and about 30 ft. deep. 
They have been in operation about 12 
years. In the spring of 1952, however, 
it was found necessary to clean the 
heating coils, as increasing difficulty 
had been experienced in heating the 
tank contents. 

This particular plant has an annual 
shutdown period of about two months 
during the high river levels of the 
spring freshet. During this period the 
tanks were emptied by removing as 
much of the contents as posible by 
pumping, then purging the tank by 
refilling with water, removing the 
manhole covers, and again dewatering. 
About one-third of each tank was still 
filled with silty sludge that couldn't 
be moved without pressure hosing. The 
tank was finally cleaned, however, right 
down to the bottom of the cone. 

Then there arose the problem of 
cleaning the sludge from the heating 
eoils. Oddly enough, the sludge was 
not at all difficult to remove. The 
greatest accumulation seemed to be 
through the center section of the tank, 
but it was not a hard incrustation. 


SEWAGE AND INDUSTRIAL WASTES 


March, 1953 


Hot water was circulated through the 
coils to dry out the residue, after 
which it could be scraped or knocked 
off. 

Cleaning of the first tank took con- 
siderable time, using rented scaffolding. 
With the second, however, the scaffold- 
ing was discarded. The men found 
that they could climb the heating coils, 
which are about 18 in. from the tank 
wall, and knock off the scale and sludge. 
It took 3 or 4 days to empty a tank, 
but half a dozen men could remove all 
the scale from the heating coils in 
about 6 hr. 

In emptying the first tank, the sludge 
was filtered. Thereafter the tank con- 
tents were simply transferred to a 
cleaned tank so that plenty of seed 
would be available to start the di- 
gesters again. As a result, no diffi- 
culty was encountered in resuming op- 
eration because of sluggish digesters. 

Of course, heat transfer was in- 
creased considerably. Prior to the 
cleaning operation the heat loss was 
only 4° or 5° F. Inwinter the 
water was pumped into the coils at 
155° to 160° F. When operation was 
resumed the heat loss rose to 14°, al- 
though the entering water was only 
120° to 122° F. Normal operation 
currently indicates 8° to 10° loss, with 
no trouble in heating the tanks, good 
digestion, and plenty of gas. 

Chairman Giles:—Has there been 
any appreciable increase in gas pro- 
duction as compared with production 
prior to the cleaning program? 

Mr. Locke:—Gas production now 
runs about 200,000 cu. ft. per day, 
compared with about 150,000 cu. ft. 
per day previously. The principal 
change is in better digestion; that is, 
better supernatant and better quality 
of digested sludge. 

Question from the floor :—Was there 
much corrosion of the heating coils? 

Mr. Locke:—There was very little 
corrosion. The coils are supported on 
vertical angles by U-bolts, all of 5¢-in. 
steel. No more than half a dozen of 
the U-bolts showed any corrosion, and 
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then it would be the U-bolt, not the 
pipe. The heating coils are of 214-in. 
diameter wrought-iron pipe in three 
sections, so that heat can be applied 
to the upper, middle, or lower section 
at will. 

There was one broken support on a 
4-in. gas line within the tank. There 
was some indication, however, that the 
support rod had been bent and weak- 
ened during its original installation. 
Replacement of this support was the 
only repair needed. No corrosion was 
evident on the steel within the tank. 

Some settlement of the bottom cones 
had taken place. The point of differ- 
ential settlement seemed well-defined 
at an expansion joint about 6 or 8 ft. 
in from the wall, the settlement in 
some cases being as much as 114 in. 
When one of the tanks was refilled, a 
serious leak developed, apparently be- 
cause of a broken copper waterstop. 
The leak stopped within a few days, 
however, when raw _ sludge _ solids 
plugged the opening. 

In the tanks described, there is a 
pipe around the inner circumference 
at the bottom of the side wall, with 
14-in. nozzles spaced about 4 ft. apart. 
It was originally intended to loosen 
sludge in the cone by applying wash 
water through the jets, but earlier 
tryouts had shown no apparent bene- 
fits. After cleaning out the compacted 
sludge, however, further. tests showed 
that the jets actually moved the sludge 
down the cone to at least some degree. 
An attempt is to be made to increase 
the effective tank capacity by prevent- 
ing a build-up of heavy sludge through 
use of the jets every week or two. 

Chairman Giles :—How thick was the 
scum blanket? 

Mr. Locke:—The Hartford plant re- 
ceives a lot of oil in the sewage, of 
both cutting and mineral types. That 
always is manifested by a digester 
seum blanket 2 or 3 ft. thick. During 
the period when digester heating was 
diffieult, particularly in winter weather, 
the seum or floating sludge blanket 
might be as thick as 6 or 8 ft. If, 


1952 OPERATORS’ FORUM 


345 


however, longer digestion periods could 
be arranged (as when the plant was 
shut down for a few days) the scum 
would break up. The vacuum filter 
cake would then be oily and contain 
sticks, leaves, and bits of rags. 

Mr. Allison:—At Corpus Christi we 
found that the reinforcing steel in the 
digester became cathoded and the heat- 
ing coils anoded. Replacement of the 
heating coils with cast-iron pipe had no 
effect. Heating coils would be a com- 
plete loss in 8 months; the mechanism 
failed by electrolytic corrosion in 14 
months. The estimated weight loss by 
this action, caused by fluorides, was in 
the order of 136 to 140 lb. per month. 

Installation of some anodes, on cy- 
press brackets and supplied with cur- 
rent by a homemade battery and 
charger rig, prolonged the life of re- 
placement equipment to 9 years. 

As regards sludge disposal, I feel 
that we are wasting sludge. Chemical 
soil conditioners designed to hold the 
soil and soil moisture are being mark- 
eted. But sludge will accomplish the 
same purpose, opening the soil to allow 
water penetration. 

We have developed another type of 
sludge, called ‘‘acidized.’’ It is pack- 
aged in used flour bags, costing 4¢ each, 
and is sold for $1 per bag. Before 
sacking, sulfate is added at the rate 
of 15 lb. per cubie yard. This product 
has been used most successfully in re- 
storing lawns and lasts about 2 years 
when properly applied. Quite a local 
market has been built up for this 
bagged product. 

A. L. Genter, Consulting Engineer, 
Baltimore, Md.:—Digestion operations 
at the new San Francisco Southeast 
plant are progressing satisfactorily. 
Two of the primary digesters are ‘filled 
and the solids content of the third is 
being built up. In addition, super- 
natant from the primary digesters, af- 
ter elutriation, is being admitted to the 
secondary digester. The _ excellent 
progress of this operation resulted 
from being able to control the flow of 
raw sludge from the north plant. There 
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has been no evidence of acid condition, 
foaming, or other deleterious effects. 

This is in sharp contrast to initial 
digester operation experience at the 
Richmond-Sunset plant, where inten- 
sive liming was required before equi- 
librium was established in the di- 
gesters. 

Ralph A. Hoot, Superintendent, Sew- 
age Disposal Plants, Philadelphia, Pa.: 
—Some of the Philadelphia digesters 
were started last winter, with ex- 
tremely poor results. In the first place, 
the digesters were started before the 
sludge heaters were ready. The result 
was poor gasification and an extremely 
high carbon dioxide content in the 
little gas produced. 

One trick we learned at Philadelphia 
was to seed a new digester by ‘‘cross- 
cireulating’’ with an Imhoff tank. In 
this way it took only a matter of a 
few days to develop rapid gasification. 
Determination of the CO, trend in 
the gas gives ample warning of unbal- 
ance in the digesters. 

The original digesters—those that 
had gotten a poor start last winter— 
were finally shut down and cleaned 
out. Restarting them with supplemen- 
tary heat proved satisfactory, but 
some difficulty was experienced in get- 
ting the local gas utility to cooperate. 

The new type of heaters (submerged 
combustion type) have not been in use 
at this plant long enough to give a full 
report on them. After 6 weeks of 
operation, however, they appear to be 
performing quite successfully. A mat- 
ter of prime importance, however, will 
be that of getting the sludge to the 
heaters in clean condition. The 
troubles now experienced come mostly 
from grit carryover and collection of 
rags inside the heaters, rather than 
from the heaters themselves. 

Chairman Giles :—What is the opti- 
mum temperature for digester opera- 
tion ? 

G. A. Parkes, Superintendent, Hy- 
perion Sewage Treatment Plant, Los 
Angeles, Calif.:—There are many tem- 
peratures at which a digester may be 
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operated. At the Hyperion plant we 
have not found the optimum tempera- 
ture, although digesters have been op- 
erated at 80°, 85°, 90°, 95°, and 100° 
F. We currently have a battery of 
three tanks operating at 120° F. The 
sludge from all those digesters, as well 
as the gas production and other cri- 
teria, turned out to be identical. If 
anything, the digesters now operating 
at 120° F. do produce more filterable 
sludge, contrary to all previous find- 
ings. 

Every operator or superintendent 
must determine the optimum tempera- 
ture for his own digestion tanks. This 
brings up a point that should be em- 
phasized with all design engineers— 
the responsibility of providing ade- 
quate heating for the digesters. In 
many cases the so-called optimum tem- 
perature seems to be merely the tem- 
perature that the operator is able to 
get with his heating facilities. 

Mr. Hoot has commented on his ef- 


forts to start digesters. Actually, 
there are many, many ways not to 


initiate digestion, and to start digesters 
under winter conditions without heat 
is virtually impossible. 

At the Hyperion plant we started 
with the assumption that the digesters 
must be heated. The indirect method 
used—live steam injection in raw 
sludge entering the digester—is very 
successful and should be investigated 
more completely than it has been by 
design engineers. 

3ecause there was insufficient steam 
available at first, a portable steam 
boiler was rented to augment the plant 
facilities. Then the digesters were 
filled with raw sludge as rapidly as 
possible to realize the benefit from the 
mechanical mixing devices, as well as 
to bring the liquid level up to the 
point where the seed could be advan- 
tageously admitted. To bring a di- 
gester up to temperature when full 
took 2 or 3 weeks. 

Incidentally, to talk about getting 
seed sludge from somewhere for a di- 
gestion installation of the size provided 
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at Hyperion is futile. There, tank 
wagon after tank wagon load of seed 
sludge was hauled in from another 
plant, but all we did was wet the bot- 
tom of one digester. 

The initial temperature objective 
was 85° F. At that stage all of the 
digesters lagged, pH dropped rapidly, 
and the volatile acid content rose to 
as high as 6,000 p.p.m. There was a 
thick seum and the usual foul odors of 
acid digestion. In all of the digesters 
started in this manner the initial stage 
lasted for some 4 to 6 weeks. Then, 
suddenly, the methane percentage in- 
creased, the volatile acid content de- 
creased, the pH increased, and within 
a very few days first-class alkaline di- 
gestion was in progress. Up to that 
point there was the expected violent 
foaming. 


The following, received from the Secre- 
tary of the California Sewage and Indus- 
trial Wastes Association, reports on that 
organization’s action toward helping its 
members with their sewer maintenance 
problems.—Eb. 


For many years the sewer mainte- 
nance men have been the ‘‘ Forgotten 
Men’’ of sewage disposal. Much 
thought and time has been given to 
design engineering and plant operation 
but little attention has been paid to 
the upkeep of the collection systems 
and the personnel charged with this 
duty. 

To meet this growing and critical 
demand for more adequate knowledge 
of the problem of maintaining sanitary 
sewers, a group of interested engineers, 
maintenance superintendents, and oth- 
ers have instituted Sewer Maintenance 
Sections within the California Sewage 
and Industrial Wastes Association. 
This program is geared for and aimed 
at the men actually engaged in this 
type of work, regardless of whether 
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SEWER MAINTENANCE NO LONGER NEGLECTED 


After the initial establishment of 
alkaline digestion there was no fur- 
ther trouble, as the contents of tanks 
already in operation could be used for 
heating and seeding others. And by 
seeding is meant starting with, pos- 
sibly, 70 per cent by volume of sludge 
from an operating digester. Small 
quantities of seed sludge seem to do 
no good. 

Liming seems to be useless in some 
situations. When the Hyperion tanks 
were in the acid stage of fermentation, 
we were advised to lime them heavily. 
In one day, however, 12 tons of quick- 
lime were shoveled into one tank— 
with no detectable effect. 

Proper temperature provision seems 
to be the really important matter in 
starting digesters, particularly under 
winter conditions. 


they are crew members or superintend- 
ents. 

Meetings are held monthly, always 
in a different municipality or sanitary 
district within the area of the particu- 
lar section group. This is done pur- 
posely, so that operational methods, 
equipment, ete., may be seen ‘‘on the 
job.’’ Notes are compared, questions 
asked, and a full interchange of ideas 
is stimulated. 

With the continually growing com- 
plexity of sewage and the problems 
concerning its effective collection, it is 
easy to see why the maintenance sec- 
tion is a vital link in the chain of sew- 
age disposal. No longer is‘it a case of : 
‘*not seeing, just looking.’’ All phases 
and problems are thoroughly diseussed, 
a valuable interchange of ideas is had, 
and the members become more efficient 
workers. 

In too many eases the average citizen 
has no real conception of the hundreds 
of thousands of dollars silently serving 
him under his feet. He can see the 
shiny red fire engine or the buildings 
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which house the governmental func- 
tions, but the vital arteries of sewage 
collection are ‘‘out of sight—out of 
mind.”’ 

These valuable and far-flung systems 
need intelligent maintenance, just the 
same as the fire engines or the city 
streets. With this idea in mind, a 
small initial group of men brought 
the Sewer Maintenance Section into 
being with the full approval of the 
officers and directors of the C.S.1.W.A. 

Since its inception a little over a 
year ago, interest and membership 
have shown a healthy increase. At 
the 1952 Spring Meeting in Santa Cruz, 
Calif., the Maintenance Section had an 
even larger crowd than could be read- 
ily accommodated at the first Annual 
Breakfast. It is anticipated that much 
more space will have to be provided 
at the Annual Meeting in the spring 
of 1953. 

Engineers have found that they can 
learn much about practical sewer de- 
sign from maintenance men. Equip- 
ment manufacturers have gotten many 
valuable ideas as to what is needed 
from their particular field in the way 
of devices, materials, ete., by attending 
the various sessions and acquainting 
themselves with the particular prob- 
lems faced every day by maintenance 
men, 

These Sections are also interested in 
the welfare of the individual and a 
thorough study of wages and job classi- 
fications has been competently made. 
This will have a tendency to raise the 
standards and emphasize the responsi- 


Safety in Sewage Works 


Under this heading, Editor L. F. 
Skorezeski, in a recent issue of The 
Sewage Works Digest, reminded mem- 
bers of the Iowa Sewage Works As- 
sociation of the hazardous conditions 
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bilities involved. It will give govern- 
ing and administrative bodies a com- 
prehensive picture of what is demanded 
for the proper maintaining of one of 
the communities’ most valuable assets, 
which has hitherto been neglected or 
passed over all too lightly. 

Section meetings afford an excellent 
opportunity for the teaching and re- 
peated emphasizing of safety practices. 
Gas hazards and their detection, or 
avoidance, are taught to the men in 
simple, understandable terms by ex- 
perts. Safe practices are demon- 
strated and the dangers existing in 
underground structures are pointed 
out with a clarity that never could be 
achieved by one individual working 
alone in a small community. 

This program has been so successful, 
and such great benefit has been derived 
by all of those participating, that it is 
earnestly suggested that other areas 
and affiliated associations seriously con- 
sider the institution of maintenance 
sections. 

Requests for information or data 
pertinent to the forming or program- 
ming of such an endeavor should be 
directed to the State Chairman of 
Maintenance Sections, who is Sydney 
Preen, Superintendent of Sewer Main- 
tenance, 1601 South San Francisco St., 
Long Beach, Calif. Also, any corre- 
spondence regarding what is being 


done in other Member Associations re- 
garding this important phase of sew- 
age disposal will be welcomed by Mr. 
Preen. 


under which they perform their daily 
tasks. So pertinent are his comments 
that they are restated here. Said Mr. 
Skorezeski : 


‘We very often hear people talk 
about the dangerous job that the police 
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and firemen have, and yet the danger 
in their day’s work is almost negligible 
by comparison with what the average 
person comes in contact with daily in 
the sewage works field. Let us name 
a few of the most common ones; as- 
phyxiation, gas poisoning, explosion, 
electrocution, drowning,  cave-ins, 
broken limbs, and continual exposure 
to disease germs. Maybe it is a good 
thing that most of us just consider 
them as things that may not happen 
to us, or there would not be any sewage 
works personnel. 

‘‘All the above-mentioned dangers 
can be eliminated, or at least mini- 
mized, if the equipment is in good con- 
dition, if guard rails and safety screens 
are provided, if safety equipment is 
used, and if generally good and safe 
operation is being practiced. 

‘‘Let us all exercise more care and 
live longer.”’ 


Anchor Bolt and Concrete 
Floor Repair Compound 


Quick and permanent fastening of 
equipment of any type to conerete by 
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FIGURE 1.—Plastic pipe flexibility allows easy moving o 
system for cannery waste water. 
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means of anchor bolts—or permanent 
repairing of chuck holes and breaks 
in concrete floors—can now be done 
quickly, easily, and safely with a spe- 
cial quick-setting cement. Known as 
**Por-Rok,’’ the material is applied 
cold and requires only a few minutes 
to set up. Floor patches are ready for 
light traffic in 15 min. Detailed in- 
formation on the product is available 
from the Hallemite Manufacturing Co., 
2446 West 25 St., Cleveland 13, Ohio. 


Cannery Waste Irrigation System 

A plastic irrigation system recently 
installed at the Hipke Foods, Ince., can- 
nery at Mt. Calvary, Wis., was designed 
not only to irrigate food crops, but 
also to solve the problem of disposing 
of the large amounts of waste water 
produced in canning operations. 

The entire system, utilizing plastic 
pipe, was installed in 2 hr. by two men. 
Besides reportedly reduced costs over 
other installations, the flexibility of the 
plastic pipe (Figure 1) allows lateral 
lines to be swung from one location to 
another as the ground becomes satu- 
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rated. Resistance to soil and acid waste 
corrosion, as well as rot, rust, and 
electrolytic corrosion, is an added ad- 
vantage. 

The system consists of two 50-ft. 
mains of 3-in. plastic pipe and two 
100-ft. laterals of 2-in. pipe, together 
with plastic tees and plugs. Six 
sprinklers, placed about 30 ft. apart, 
each handle 12 g.p.m. with a residual 
operating pressure of 25 p.s.i. The 
entire system handles about 4,300 g.p.h. 

To prevent sprinklers from turning 
over on the pipe and tees, stakes were 
driven into the ground alongside the 


tees, 


March of Mothers 


From Redington Beach, Fla., comes 
a report that a ‘‘March of Mothers’’ 
campaign was recently started to edu- 
cate the voters on the need for an ade- 
quate sewer system. The ladies set 
up their program on a house-to-house 
canvassing system designed to show 
each person how much he will have to 
pay for sewers and how inconsequen- 
tial that sum is when compared to a 
child’s health or life. 

That's a powerful sales talk, and a 
good way of seeing that it reaches the 
right buyers! 


Automatic Emergency 
Lighting Unit 

In case of power failure, a new type 
of portable emergency unit is designed 
to illuminate instantly any space where 
extra safety measures are a ‘‘must.’’ 
The unit is powered by a storage bat- 
tery built into the set and maintained 
in readiness by an a.e. trickle charger 
and built-in hydrometer. Dual, sealed- 
beam, 100-c.p. heads provide 10 hr. of 
light. 

Complete information on the unit is 
available from Central Scientific 
Equipment Co., 2700 W. Huntingdon 
St., Philadelphia 32, Pa. 
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Gas Sleuthing 


Another myth has been exploded. 
In this case, however, the figurative 
explosion of the myth came as a result 
of a literal explosion of gas in a utility 
manhole at Champaign, IIl., in which 
a utility employee suffered severe 
burns. 

As reported in a recent issue of the 
Bulletin of the American Council of 
Commercial Laboratories, the utility 
called in a local commercial laboratory 
to determine whether the explosive gas 
in the manhole had leaked in from a 
nearby natural gas line or whether it 
consisted of sewer gas from nearby 
sanitary sewers. 

Infrared analysis was used to trap 
the culprit. The natural gas used in 
the region contains a relatively high 
percentage of ethane and butane, which 
have infrared absorptions at positions 
considerably different from _ those 
found in methane, the primary con- 
stituent. On the other hand, the com- 
bustible component of sewer gas is 
almost 100 per cent methane. 

Samples of gas from the manhole 
were pumped through a cold trap at 
liquid nitrogen temperatures to con- 
dense out any hydrocarbons present. 
The condensate was allowed to vapor- 
ize through a drying tube into a pre- 
viously evacuated gas cell. The spec- 
trum, when compared with samples of 
natural gas from the gas line, showed 
the manhole sample to be quite differ- 
ent in constitution. In fact, only slight 
traces of hydrocarbons higher than 
methane were present, whereas the 
methane bands were very strong and 
no ethane was evidenced. This was 
considered proof that the explosive gas 
did not come from the utility’s gas 
mains or from leaky service station 
tanks (octanes), but most likely origi- 
nated in nearby sewers. 

The cause of the original blow-up? 
A utility maintenance man lit a cigar 
as he entered a service manhole in the 
middle of town! 
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Reviews and Abstracts* 


Effect of “Storage” on the Necessary Flow 
Capacity of Storm-Water Sewers in 
Certain Cases. Surveyor, 111, 627 (Oct. 
4, 1952). 

When a storm-water sewer is not fed 
continuously along its length, it may be 
permissible to design the lower portion of 
the sewer for instantaneous rates of flow 
smaller than those in the upper portion. 
This effect results from the lapse of time 
required for the water to traverse the 
sewer’s length, which in effect stores the 
water within the sewer. The author pre- 
sents a new method of estimating how 
much reduction of diameter is permissible, 
and introduces considerations which allow 
greater reductions than those previously 
thought feasible. M. C. Ranp 


Proceedings of the First Southern Munic- 
ipal and Industrial Waste Conference. 
Engineering School Bulletin No. 55, 
North Carolina State College. Price, 
$1.00 (1952). 

This 170-page record covers the material 
presented at the Conference, which was 
held at North Carolina State College on 
March 13-14, 1952, under the joint spon- 
sorship of that institution, Duke Univer- 
sity, and the University of North Carolina. 
The following papers are included: 


“Spadework for a Billion-Dollar Job of 
River Cleanup.” by E. J. Cleary. 

“History of the Development of Water 
Pollution Control in North Carolina,”’ by 
J. M. Jarrett. 

“Industry’s Contribution in the Stream 
Improvement Program,” by B. W. 
Dickerson. 

‘Municipalities’ Role in Stream Pollu- 
tion,” by H. A. Yancey. 

“Stream Pollution Control Program for 
North Carolina,” by E. C. Hubbard. 

“Tndustry’s Stake in Water Pollution,” 
by L. A. Danse. 


“Financing and Research as Applied to 
Joint Municipal and Industrial Waste 
Treatment,” by R. W. Flack. 

“Municipal Sewage Works Manage- 
ments’ Approach to the Industrial Waste 
Problem,” by W. M. Franklin. 

“What Do You Know About Textile 
Wastes?” by J. A. McCarthy. 

“Research in Textile Waste Problems,” 
by R. H. Souther. 

“River and Plant Relationship,” by 
F. V. Doutt. 

“Activities of the Pulp and Paper In- 
dustry in North Carolina on Stream Pollu- 
tion Control,” by H. W. Gehm. 

“The Biochemical Oxygen Demand Test 
as an Indicator of Pollution,” by W. B. 
Snow. 

“By-Product Recovery from Industrial 
Wastes,” by D. S. Arnold. 

“Techniques of Research as Applied to 
Rendering Plant Wastes,” by M. L. 
Granstrom. 

“Textile Dye Waste Treatment,” by 
N. L. Nemerow. H. P. ORLAND. 


Treatment of Formaldehyde Wastes by 
Activated Sludge Methods. By T. 
WaLpMEYER. Surveyor, 111, 445 (July 
12, 1952). 

The author describes Jaboratory and 
pilot plant experiments, and full-scale 
operating results, in the treatment of wastes 
containing formaldehyde and methanol, 
from the manufacture of synthetic resin 
adhesives. The raw wastes contained 
about 4,000 p.p.m. of total solids (7 per 
cent ash), and small amounts of colloidal 
and suspended matter, mostly starch and 
glue. It was calculated that the formal- 
dehyde content was 2,000 p.p.m. and the 
methanol content 8,000 p.p.m. The pH 
ranged from 7.5 to 8.5. B.O.D. data do 
not appear, due presumably to the toxicity 
of the waste. The measure of strength 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., which 


might be suitable for abstracting in Tuts JouRNAL. 


Publications of public health departments, 


stream" pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 
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used in these studies was “‘oxygen absorbed 
from permanganate in four hours at 26.7° 
C.” The wastes varied in “O.A.” from 
500 to 20,000 p.p m., averaging 3,480 at 
the start of the study, in 1948, and increas- 
ing to over 5,000 in 1949. 

The laboratory experiments utilized 4- 
in. pipes as experimental filters, and 25-1. 
jars as aeration tanks for activated sludge. 
The filter experiments are reported as 
“rather disappointing,” and apparently 
were abandoned. The experiments with 
activated sludge showed that sludge could 
not be built up from the waste alone. 
However, activated sludge derived from 
sewage was capable of partially purifying 
the waste, provided the latter was diluted 
tenfold with water. It was further con- 
cluded that at least 12 hr. of aeration was 
necessary, although the data presented 
show 61.6 per cent O.A. reduction in 4 hr., 
62.6 per cent in 12 hr., and 67.6 per cent 
in 58 hr. 

The pilot plant experiments confirmed 
the laboratory conclusions. Once a supply 
of activated sludge had been built up. it 
remained active for two to five months, 
but there was practically no sludge buildup 
from the waste alone. The effluent con- 
tained a small amount of finely-divided 
floc after sedimentation, which was recov- 
ered by passing the effluent through a 
trickling filter. 

The full-scale plant, which began opera- 
tion in April, 1951, treats the waste in 
conjunction with sanitary sewage, derived 
from the plant and from 50 nearby houses. 
The sewage is admitted through a com- 
minutor directly to a 5,500-gal. activated 
sludge aeration tank. The waste passes 
first to a 1-m.g. lagoon, provided primarily 
for equalization, since the strength of the 
waste fluctuates widely. The lagoon efflu- 
ent is aerated and settled, to remove some 
of the glue by frothing. It is then diluted 
with condenser water and admitted to a 
mixing channel. where it joins the treated 
sewage and sludge from the sewage aera- 
tion tank. More returned sludge is added 
at this point. The mixture is aerated for 
about 15 hr., settled, and run through 
either of two trickling filters. A small 
amount of the filter effluent is recirculated 
to the lagoon; the remainder is diluted 
with condenser water and discharged with- 


March, 1953 


out sedimentation. Waste sludge is re- 
turned to the lagoon or discharged direct 
to land. 

Over-all purification of the lagoon efflu- 
ent runs from 75 to 85 per cent on the 
O.A. basis. Microscopic examination of 
the activated sludge showed an abnormal 
population. Protozoa are scarce or lack- 
ing, and there are large swarms of a minute 
free-swimming organism. It is suggested 
that the latter may play an important part 
in the purification process. 


M. C. Ranp 


BOOKS, REPORTS, 
AND PAMPHLETS 


Latrobe Valley Outfall Sewer—Second 
Report, Bases of Design. Melbourne, 
Australia. 65 pp. plus 7 appendixes 
and 27 plates (Apr., 1952). 

A report on probable future waste de- 
velopments of this industrial valley east 
of Melbourne, Australia, prepared by 
Candy, Scott, and Furphy, consulting 
engineers of Melbourne. 


Slaughterhouse and Packinghouse 
Wastes. By Donatp D. Gotp. Bull. 
No. 14, Eng. Experiment Station, Univ. 
of Tenn., Knoxville, Tenn. 45 pp. 
(May, 1951). 

A comprehensive bibliography and 
compendium of abstracts of articles deal- 
ing with slaughterhouse wastes, packing- 
house wastes, and grease recovery. 


Reprints of Papers Read at the 1951 
Annual Meeting. Iowa Sewage Works 
Association. 50 pp., mimeo. (1952). 


Proceedings of 25th Annual Conference. 
Maryland-Delaware Water and Sewer- 
age Association. 143 pp. (1952). 


Methods of Financing Sewers and Sewage 
Treatment Works in West Virginia. 
Publ. No. 8, Bureau for Government 
Research, W. Va. Univ., Charleston, 
W. Va. 72 pp. (1952). 


Methods for Treating Metal-Finishing 
Wastes. Ohio River Valley Water 
Sanitation Commission, Cincinnati, 
Ohio. 72 pp. Price $2.00 (1953). 
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1952-53 OF FICERS 


President: E. Sherman Chase 
Vice-President: L. J. Fontenelli 
Treasurer: W. W. DeBerard 
Executive Secretary-Editor: W. H. Wisely 


Advisory Editor: F. W. Mohlman 


PAST PRESIDENTS 


Charles A. Emerson............ 1928-41 1946-47 
George J. Schroepfer........... 1942-43 1948-49 


HONORS AND AWARDS 


Honorary Members 


The qualifications for Honorary membership in the Federation are set forth in 
Article II, Section 4 of the By-laws. Honorary Members are elected upon recommenda- 
tion by a committee comprising the President and four latest Past Presidents, the senior 
Past President as chairman, in accordance with a policy adopted by the Board of Control 
on October 23, 1943. Honorary Members elected to date are as follows: 


Charles Alvin Emerson............ 1941 Floyd William Mohlman............ 1944 
Charles Gilman Hyde.............. 1943 Wilford Willis DeBerard........... 1950 


The Harrison Prescott Eddy Medal 


The Harrison Prescott Eddy Medal is awarded annually to a member of any Mem- 
ber Association of the Federation for outstanding research contributing in important 
degree to the existing knowledge of the fundamental principles or processes of sewage 
treatment, as comprehensively described and published during any stated year in SEWAGE 
AND InpustrIAL Wastes. The award commemorates Harrison Prescott Eddy, a famous 


engineer and a pioneer in the art of sewage treatment. 


Past recipients of the award are: 


Harry Willard 1943 
John Raymond Snell............... 1944 


Richard Pomeroy and Fred D. Bowlus.1947 
F. W. Kittrell and 0. W. Kochtitzky, 


* Deceased. 


Peter S. S. Dawson and Samuel H. 


George 8. Benton, John C. Geyer, Wen- 
Hsiung Li, and Knut K. Sorteberg. .1952 


Howard Eugene Moses_ 1943 
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The George Bradley Gascoigne Medal 
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The George Bradley Gascoigne Medal is awarded annually to a member of any 
Member Association of the Federation for outstanding contribution to the art of sewage 
treatment works operation through the successful solution of important and complicated 
operational problems, as comprehensively described and published during any stated 


year in SEWAGE AND INDUSTRIAL WASTES. 


This award is in memory of George Bradley 


Gascoigne, a prominent consultant from 1922 to 1940, who demonstrated an unusual 


interest in matters of sewage works operation. 


Past recipients of this award are: 


James T. Lynch and Uhl T. Mann... .1944 
LeRoy Winfield Van Kleeck......... 1946 


The Charles Alvin Emerson Medal 


1948 
1949 
1950 


The Charles Alvin Emerson Medal is awarded annually to a member of any Mem- 
ber Association of the Federation “for outstanding service in the sewerage and sewage 
treatment works field, as related particularly to the problems and activities of the Fed- 
eration of Sewage and Industrial Wastes Associations in such terms as the stimulation 
of membership, improving standards of operational accomplishments, fostering funda- 
mental research, ete.” This award honors Charles Alvin Emerson, who served as Presi- 
dent of the Federation from 1928 to 1941 and holds the distinction of being its first 


Honorary Member. 


Past recipients are: 


Floyd William Mohlman............ 1943 
Harold Warner Streeter............. 1945 
F. Wellington Gilereas.............. 1946 


The Industrial Wastes Medal 


The Industrial Wastes Medal was established in 1949 to be awarded annually in 


LeRoy Winfield Van Kleeck.......... 1948 
William Orehard:: . 1949 
Howard Eugene Moses.............. 1951 
Frank Woodbury Jones............. 1952 


the form of a plaque for the most outstanding contribution by an industrial employee 
on any aspect of industrial wastes control, as published in SewaGE AND INDUSTRIAL 
Wastes during the year preceding the award. 


Past recipients are: 


Roy F. Weston, Robert G. Merman and 


Joseph G. DeMann........ 
Bruce W. Dickerson......... 


Robert J. Austin, Roy N. Giles, C. T. Nicholson, 


in 1948. 
Recipients of this award have been: 


and F. W. Scheineman.... 


The Kenneth Allen Award 


From 1943 through 1948, meritorious personal service to the Member Associations 
of the Federation was recognized by the Kenneth Allen Award. The award was retired 


1943 


Harry Thornton Calvert (ISP) 
Edward F. Eldridge ( Mich.) 
John Kurtz Hoskins (Fed.) 
Fred Merryfield (Pae. N.W.) 


Edward P. Molitor (N.J.) 
Robert S. Phillips (N.C.) 
Alfred Henry Weiters (Iowa) 


William Homer Wisely (Cen. St.) 
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1944 


Albert Edward Berry (Can.) Charles A. Holmquist (N.Y.) 
Van Porter Enloe (Ga.) Dana Ewart Kepner (Rocky Mtn.) 
Albert Legrand Genter (Md.-Del.) Leon Benedict Reynolds (Calif.) 


F. Wellington Gilecreas (New Eng.) Wilson Waldo Towne (Dak.) 


1945 


Howard Eugene Moses (Pa.) Frederick Holman Waring (Ohio) 
George S. Russell ( Mo.) Joe Williamson, Jr. ( Fla.) 


Dario Travaini ( Ariz.) Murray Alderson Wilson (Kans.) 


1946 


EK. J. M. Berg (Texas) Harold Benedict Gotaas (N.C.) 
Frank E. DeMartini (Fed.) William P. Hughes (Pae. N.W.) 
John R. Downes (N.J.) Theodore R. Lovell (Iowa) 
Thomas J. Doyle ( Mich.) George W. Martin (Cen. St.) 


John Henry Garner (ISP) 
1947 


Wellington Donaldson (N.Y.) 


William T. Knowlton (Calif.) 


Floyd W. Pinney (Dak.) Henry J. Dareey ( Okla.) 
Gilbert R. Frith (Ga.) Carroll H. Coberly (Rocky Mtn.) 
Clarence E. Keefer (Md.-Del.) William Storrie (Can.) 


Stuart E. Coburn (New Eng.) William Merriam Cobleigh ( Mont.) 


1948 


George W. Marx ( Ariz.) F. Dean Stewart (Ohio) 
David Bryon Lee (Fla.) Francis deSales Friel (Pa.) 
William Q. Kehr ( Mo.) 


The Arthur Sidney Bedell Award 


Established in 1948, the Arthur Sidney Bedell Award acknowledges extraordinary 
personal service to the Member Associations of the Federation. Each Member Associa- 
tion is privileged once in every three years to name one of its members to receive the 
award, which may be earned by organizational leadership, administrative service, mem- 
bership activity, stimulation of technical functions, or similar participation. The award 
is named for the second President of the Federation, who exemplified its purpose by his 
long devotion and contribution to the affairs of the New York State Sewage Works 
Association. 


Past recipients follow: 
1949 


Harry P. Croft (N.J.) William Thomas Lockett (ISP) 


Victor Marcus Ehlers (Texas) William McKinney Piatt (N.C.) 
R. Paul Farrell (Ky.-Tenn.) Walter Asa Sperry (Cen. St.) 
Carl Edwin Green (Pace. N.W.) Harold Warner Streeter (Fed.) 


Frederick Leon MeDonald (Ark.) John L. Strelow (Iowa) 


Leland Bradney (Dak.) Edward Alexander Reinke (Calif.) 


John Chester Brigham (N.Y.) Frank 8. Taylor (Okla.) 

Herbert B. Foote (Mont.) LeRoy Winfield Van Kleeck (New Eng.) 
L. L. Hedgepeth (Va.) William Hugh Weir (Ga.) 

Theodore J. Lafreniere (Can.) Leonard Oliver Williams, Jr. (Rocky Mtn.) 


Robert G. MeCall (W. Va.) Abel Wolman (Md.-Del.) 


| 
be 
| 
1950 


Vol. 25, No. 3 HONORS AND AWARDS 


1951 


Roy Binder (Kans.) Arthur H. Niles (Ohio) 
John Clinton Clark (Ala.) Charles Henry Trusler (ISE) 
John Raymund Hoffert (Pa.) Harold W. Yost (Ariz.) 


John Robertson Hoy (Fla.) Francis M. Veatch (Mo.) 


1952 
Winfred S. Mahlie (Texas) 


Don E. Bloodgood (Cen. St.) 


Herman Glenn Baity (N.C.) Clarence Theodore Mudgett ( Mich.) 
Paul Bolton (Iowa) Walter F. Freeborn (ISP) 

P. N. Daniels (N.J.) Harrison Hale (Ark.) 

Francis W. Kittrell (Ky.-Tenn.) George Ashby Rhame (S.C.) 


Ray E. Koon (Pac. N.W.) 


The William D. Hatfield Award 


The William D. Hatfield Award recognizes outstanding annual sewage works opera- 
tion reports. Following the 1946 award, the Board of Control authorized identical 
awards for outstanding annual reports prepared (I) for plants serving less than 10,000 
population, (II) for plants serving populations of 10,000 to 100,000, and (III) for plants 
serving populations of more than 100,000 persons. 


Recipients of this award have been: 


1946 
Walter M. Kunsch 


1947 1950 


F. E. Peterson (I) William L. Edwards (T) 
John R. Szymanski (IT) Walter A. Sperry (II) 
Warren H. Sleeger and George J. John R. Szymanski (IT)* 
Schroepfer (IIT) John W. Johnson (IIT) 


1948 1951 


F. E. Peterson (1)* William L. Edwards (I)* 
Thomas T. Hay (IT) J. E. Meers (IT) 
Kerwin L. Mick (III) John R. Szymanski (IT)* 
George H. Craemer (IIT) 
1949 Kerwin L. Mick (III)* 
Russell D. Craun (I) 


George W. Martin (II) 
Thomas T. Hay (II)* 


Membership Prizes 


Prizes for membership activity in its various Member Associations have been awarded 
by the Federation since 1943. The following Member Associations have received these 
prizes: 

Federal Sewage Research Assn. and Central States Sewage Works 


Missouri Water and Sewerage Conf. and Central States Sewage 


Arizona Sewage and Water Works Assn. and Canadian Institute 


* Previous winner. 
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Oklahoma Water and Sewage Conf. and Canadian Institute on 

Institute of Sewage Purification (Eng.) and Arkansas Water and 

Pennsylvania Sewage and Industrial Wastes Association and 

West Virginia Sewage and Industrial Wastes Association... .1948 
Ohio Sewage and Industrial Wastes Treatment Conference and 

Alabama Water and Sewage Association.................045 1949 
Ohio Sewage and Industrial Wastes Treatment Conference and 

Sewage Works Section, Louisiana Conference on Water 

Institution of Sanitary Engineers (England) and Michigan Sewage 

and Industrial Wastes Association...............eeeeeeeee 1951 
Central States Sewage and Industrial Wastes Association 

Florida Sewage and Industrial Wastes Association 


and 


The Quarter Century Operators’ Club 


The Quarter Century Operators’ Club is an informal group comprising Active or 
Corporate Members of any Member Association who had been engaged in sewage treat- 
ment works operation, on a full-time resident basis, twenty-five years prior to the date 
of their admission into the Club. The Club was created in 1941 under the sponsorship 
of Frank Woodbury Jones, who serves as its registrar. The roster: 


E. L. Nance 

I. H. Nevitt 

Arthur H. Niles 

John R. Palmer 
. Wm. M. Piatt 

Wm. A. Ryan 
Theodore C. Schaetzle 
Glenn Searls 

John S. Simmerman 


Charles C. Agar 
Reuben A. Anderson 
Harry M. Beaumont 
George C. Behnke 
Don E. Bloodgood 
Julius W. Bugbee 
Raymond G. Case 
E. Sherman Chase 
Stuart E. Coburn 


Harry M. Freeburn 
E. D. Fry 

Arnold H. Goodman 
William P. Gyatt 
Wm. C. Hamm 
George I. Hanson 
William D: Hatfield 
‘Charles C. Hommon 
Frank W. Jones 


Morris M. Cohn 
Rodney E. Cook 
P. N. Daniels 

Earl Devendorf 
John R. Downes 
*Almon L. Fales 


George E. Flower 


Harry J. Krum 
Roy 8. Lamphear 
John V. Lewis 
George S. Long 
Winfield S. Mahlie 
C. D. MeGuire 
Paul Molitor, Sr. 


Willard R. Smith 

H. W. Streeter 

Myron W. Tatlock 

S. L. Tolman 

Henry Van Der Vliet 
Edwin B. Wagner 
Charles E. Wheeler, Jr. 


ANNUAL MEETINGS AND CONVENTIONS 


Annual 
Meetina 
Number 


Location 


] Chicago, Tllinois+ 


New 
New 
New 
New 
New 
New 


New 


New 


* Deceased 


t Annual business 


York, 
York, 
York, 
York, 
York, 
York, 
York, 
York, 


meeting of Board 


New 
New 
New 
New 
New 
New 
New 
New 


York+ 
Yorkt+ 
Yorkt 
York? 
Yorkt 
Yorkt+ 
Yorkt 
Yorkt 


of Control. 


January 18 
January 
January 
January 
January 
January 
January 
January 


Date 


October 16, 


14, 


99 


22, 
19, 
18, 
18, 
16, 
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4 1931 
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6 1933 
7 1934 
8 1935 

9 1936 
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Annual 
Meeting 
Number Location Date 
10 New York, New Yorkt January 22, 1937 
11 New York, New Yorkt January 21, 1938 
12 New York, New Yorkt January 20, 1939 
13 New York, New Yorkt January 18, 1940 
Chicago, Illinoist October 3-5, 1940 
14 New York, New Yorkt January 15, 1941 
New York, New Yorkt October 9-11, 1941 
15 Cleveland, Ohio§ October 22-24, 1942 
16 Chicago, Illinois§ October 21-23, 1943 
17 Pittsburgh, Pa.§ October 12-14, 1944 
18 Chicago, Illinoist October 17-18, 1945 
19 Toronto, Ont., Can.§ October 7-9, 1946 
20 Philadelphia, Pa.t October 10, 1947 
San Francisco, Calif.t July 21-24, 1947 
21 Detroit, Mich.§ October 18-21, 1948 
22 Boston, Mass.§ October 17-20, 1949 
23 Washington, D. C.s October 9-12, 1950 
24 St. Paul, Minn.§ October 8-11, 1951 


25 New York, New York§ October 6-9, 1952 


DIRECTORY OF COMMITTEES 
1952-53 
Constitutional Committees 
(See Article VI of By-laws) 


COMMITTEE OF THE Boarp oF ConTROL 


E. Sherman Chase, Chairman 
Earnest Boyce Nicol MaeNicol 
L. J. Fontenelli H. D. Lyon 
T. C. Schaetzle R. S. Rankin 


PusiicaTions CoMMITTEE 


The Publications Committee arranges the technical programs for the annual con- 
ventions of the Federation and has general supervision of all publications of the Federa- 
tion. 

F. W. Gilereas, Chairman 
Rolf Eliassen, Vice-Chairman 


L. L. Hedgepeth G. A. Parkes 
F. W. Mohlman W. H. Wisely 


ORGANIZATION COMMITTEE 


The Organization Committee examines and reports to the Board on applications 
for membership in the Federation and endeavors to encourage the formation of new 
regional associations or conferences eligible for membership. 


Harold W. Streeter, Chairman 


Richard Hazen Seth G. Hess 


+t Annual business meeting of Board of Control. 
¢ Convention of membership-at-large. 
§ Annual business meeting of Board of Control and convention of membership-at-large. 
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SewaGe AND INDUSTRIAL WASTES Practice COMMITTEE 


The Sewage and Industrial Wastes Practice Committee reviews and directs for 
publication any resolution, report, or publication which establishes professional or tech- 
nical standards in the name of the Federation. The following Manuals of Practice have 
been published under the direction of the committee: 


No. 1—Oceupational Hazards in Sewage Works (1944) 

No. 2—Utilization of Sewage Sludge as Fertilizer (1946) 
No. 3—Municipal Sewer Ordinances (1949) 

No. 4—Chlorination of Sewage and Industrial Wastes (1951) 
No. 5—Air Diffusion in Sewage Works (1952) 


Morris M. Cohn, Chairman 
D. E. Bloodgood, Vice-Chairman 


E. B. Cobb Langdon Pearse 
C. E. Keefer L. W. Van Kleeck 
Kerwin L. Mick F. M. Veatch 

F. W. Mohlman L. E. West 

H. E. Orford W. H. Wisely 


Subcommittee on Sewer Maintenance 
This subcommittee of the Sewage and Industrial Wastes Practice Committee has 
been directed to develop a Manual of Practice on “Maintenance of Sewers and Ap- 
purtenant Structures.” The first draft of the manual is in preparation. 


Leslie E. West, Chairman 
Thos. B. Garry 


John H. Brooks, Jr. Roy E. Phillips 


W. H. Brown, Jr. B. H. Grout Richard Pomeroy 
G. E. Finck L. J. Lukrofka Robert P. Shea 
Henry Fitch Grant Olewiler Forest Weber 


R. L. Patterson 
Subcommittee on Standardization of Units 


This Industrial Wastes Practice Committee has 
been assigned to develop an approved schedule of units to be used in the reporting of 
plant operation and laboratory data. 


subcommittee of the Sewage and 


A committee of about forty members is at work. 


H. 


E. Orford, Chairman 


Subcommittee on Tri kling Filters 


This Industrial Wastes Practice Committee is 
engaged in the development of a Manual of Practice to be entitled “Trickling Filters— 
Their Characteristics and Loadings.” 


subeommittee of the Sewage and 


Kenneth V. Hill, Chairman 
B. F. Hatch W. S. Mahlie 
Wm. FE. Stanley 


Subcommittee on Sewage Works Accounting 


This subeommittee was created in 1946 for the purpose of developing a Manual of 
Practice on accounting procedures for municipal sewage works functions. Mimeo- 
graphed copies of the manual in tentative form were made available for purchase in 
April, 1949. 
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F. M. Veatch, Chairman 


G. J. Beiswanger E. A. Farmer 
Alfred A. Estrada K. K. Wallace 
8. I. Zack 


Subcommittee on Paints and Protective Coatings 


This subeommittee has the function of assembling experience and data on paints 
and protective coatings used in sewage works, to be presented with recommendations in 
the form of a manual. The subeommittee was created in 1946 and the first draft of the 
manual is now under review. 


Kerwin L. Mick, Chairman 


Virgil Anderson W. T. McClenahan 
J. W. Johnson F. W. Pinney 
L. S. Kraus Walter A. Sperry 


M. L. Robins 


ResearcH CoMMITTEE 


The Research Committee has the function of stimulating research work among the 
various Member Associations, and of cooperating with other organizations in the pro- 
motion of research. 


H. Heukelekian, Chairman 


D. E. Bloodgood P. W. Kabler H. E. Orford 
G. P. Edwards Max Katz G. A. Rohlich 


M. B. Ettinger C. E. Keefer C. C. Ruchhoft 

H. A. Faber R. M. Manganelli N. H. Sanborn 

H. W. Gehm P. H. MeGauhey L. R. Setter 

P. D. Haney H. J. Miles H. A. Trebler 

R. D. Hoak F. W. Mohlman L. W. Van Kleeck 


W. Allen Moore 
Subcommittee on Toxicity of Industrial Wastes 
This subcommittee of the Research Committee is functioning in three sections: 


Section I. Critieal review of literature; H. Heukelekian, Chairman, C. E. Barnes, 
P. Doudoroff, G. P. Edwards, F. W. Kittrell, C. E. Renn and R. F. Weston. 

Section II. Development of methods for toxicity determinations on wastes; J. A. 
McCarthy, Chairman, S. E. Coburn, G. P. Edwards, E. Hurwitz, R. S. Ingols, C. C. 
Ruchhoft, W. W. Sanderson, C. M. Sawyer and R. F. Weston. 

Section III. Development and standardization of bio-assay methods; P. Doudoroff, 
Chairman, B. G. Anderson, G. E. Burdick, P. S. Galtsoff, W. B. Hart, R. Patrick, E. R. 
Strong, E. W. Surber and W. M. Van Horn. 


Finance CoMMITTEE 


The Finance Committee develops the annual operating budget of the Federation 
and affords guidance to the Board of Control in financial affairs. 


W. J. Orchard, Chairman 


Earnest Boyce E. Sherman Chase 
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Special Committees 
CoMMITTEE ON AWARDS 


The Committee on Awards was created by the Board of Control on October 11, 
1941. Functions of the committee are to advise the Board on matters of award pro- 
cedures and to make recommendations as to the annual winners of the Eddy, Gascoigne, 
Emerson, and Industrial Wastes medals. 

T. R. Hazeltine, Chairman 
Phillip F. Morgan Harold A. Thomas 
Honorary Mempersuip ComMMITTEE 


Authorized by the Board of Control on October 24, 1942, this committee comprises 
the President and four latest, living Past Presidents with the senior Past President as 
chairman. The committee reviews nominations for election to the grade of Honorary 
Member and makes recommendations to the Board on such nominations. 


V. M. Ehlers, Chairman 


Earnest Boyce R. E. Fuhrman 
E. Sherman Chase A. H. Niles 


OPERATOR’S QUALIFICATIONS COMMITTEE 


Authorized by the Board of Control on October 11, 1941, the Operator’s Qualifica- 
tions Committee is assigned to “establish minimal qualifications for operators of various 
The committee also has the duty of collecting and compil 


classes of treatment works.” 
ing data on present procedures in the licensing and certification of operators for refer 


ence to Member Associations. 


L. W. Van Kleeck, Chairman 


Benjamin Benas T. C. Schaetzle 


INpusTRIAL Wastes CoMMITTEE 


The Industrial Wastes Committee was created by the Board of Control on October 
23, 1943, for the purpose of developing interest in this important field and to direct a 


program whereby the Federation may be of service in industrial waste problems 


R. W. Hess, Chairman 

K. S. Watson, Vice-Chairman 

L. F. Oeming 
C. N. Sawyer 
Wm. S. Wise 


H. W. Gehm 
W. B. Hart 
L. L. Hedgepeth 


. R. Balmer 
. B. Besselievre 
. E. Bloodgood 


NOMINATING COMMITTEE 


The special Nominating Committee was created by the Board of Control on October 
9, 1946, to function in an advisory capacity to the Election Committee. The Nominat- 


ing Committee is to comprise the last five living Past Presidents, with the senior Past 
President as chairman. 
G. S. Russell, Chairman 
R. E. Fuhrman 


Earnest Boyce 
V. M. Ehlers A. H. Niles 
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Quarter Century Operators’ ComMMITTEE 


The special Quarter Century Operators’ Club Committee was created by the Board 
of Control on October 9, 1946. It is the function of this Committee to establish eligibil- 
ity requirements, process membership applications, maintain the roster, and supervise 
the activities of the Quarter Century Operators’ Club. 


Frank W. Jones, Chairman 


W. P. Gyatt Harold W. Streeter 


LEGISLATIVE ANALYSIS COMMITTEE 


The Legislative Analysis Committee was created by the Board of Control on 
October 17, 1945, to study legislation pertinent to the interests of the Federation and to 
serve the Board in advisory capacity. 


David B. Lee, Chairman 


V. W. Bacon 
E. J. Cleary 


C. E. Schwob 
R. L. Winget 


ConsTITUTION AND By-Laws CoMMITTEE 


The Constitution and By-Laws Committee was created by the Board of Controls on 
October 10, 1947, to review and develop recommendations for the amendment of the 
Constitution and By-Laws of the Federation as may be deemed advisable under chang- 
ing conditions. 


C. A. Emerson, Chairman 


S. Friel G. S. Russell 
W. J. Orchard G. J. Schroepfer 


Joint Committees With Other Associations 
Joint COMMITTEE ON ADVANCEMENT OF SANITARY ENGINEERING 


On October 5, 1952 the Board of Control authorized participation in the Joint 
Committee on Advancement of Sanitary Engineering with the American Society of Civil 
Engineers, American Water Works Association, American Public Health Association, and 
American Society for Engineering Education. The objectives of the committee are to 
study professional recognition of sanitary engineers, educational and training require- 
ments, functional use in publie health and military service, opportunities for employment, 
and similar matters. 


FSIWA Representatives 


R. E. Lawrence D. F. Metzler 


R. S. Rankin 
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Joint CoMMITTEE ON CHLORINE SUPPLY 


On October 11, 1951, the Board of Control authorized participation in the Joint 
Committee on Chlorine Supply with the American Water Works Association and the 
Conference of State Sanitary Engineers. The objective of the committee is to study 
problems of chlorine supply and distribution in the water and sewage fields, and to 
develop recommendations for their solution. 


FSIWA Representatives 


L. H. Enslow L. F. Oeming 
L. L. Hedgepeth (Alternate) 


CoMMITTEE ON STANDARD Metuops or SewacGe AND INDUSTRIAL WASTES ANALYSIS 


Created by the Board of Control on January 22, 1931, the Committee on Standard 
Methods of Sewage and Industrial Wastes Analysis has functioned with similar eom- 
mittees of the American Water Works Association and American Publie Health Asso- 
ciation in the production of the laboratory manual Standard Methods for the Examina- 
tion of Water and Sewage. In 1947 the Federation became a joint publisher of this book 
with the above associations. The Tenth, Edition is now in production. 


G. P. Edwards, Chairman 
R. S. Ingols, Vice-Chairman 


L. D. Betz E. F. Hurwitz M. Starr Nichols 

‘ D. E. Bloodgood J. E. Kinney Richard Pomeroy 
A. M. Buswell F. W. Kittrell M. L. Robins 
S. E. Coburn W. S. Mahlie C. C. Ruchhoft , 
Keeno Fraschina H. C. Marks W. W. Sanderson : 
W. D. Hatfield M. G. Mellon C. N. Sawyer } 
H. Heukelekian E. W. Moore G. E. Symons : 


R. D. Hoak R. F. Weston 


SEWAGE AND INDUSTRIAL Wastes COMMITTEE ON CritTIcAL MATERIALS 


This joint committee was formed on December 6, 1950, with representation by the 
American Water Works Association, the American Public Health Association, the Water 
and Sewage Works Manufacturers’ Association, and the Federation. The committee is 


engaged in the analysis of problems of materials procurement and allocation to the con- 
struction and operation of water supply and waste disposal facilities during the present 


national emergency. It is now cooperating closely with the Water Resources Division of 
the National Production Authority. 


FSIWA Representatives 


R. E. Fuhrman W. H. Wisely 


Apvisory Commitrer, APHA ENGINEERING SECTION 


This joint committee was created in 1947 to advise the Council of the Engineering 
Section, American Public Health Association, on policies and activities of the Section 
relating to the field of environmental sanitation. Representation on the committee is held 
by national, regional, and state public health and sanitary engineering organizations. 


FSIWA Representative 
B. A. Poole 
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Special Convention Committees 


CONVENTION MANAGEMENT COMMITTEE 


The function of this committee is to supervise details of the management of the 
Annual Meetings of the Federation. 


T. T. Quigley, Chairman 


J. R. Hoy J. G. Stewart 
H. E. Schlenz W. H. Wisely 


Meetinc Piack ComMMITTEE 


This committee reviews invitations received for the Annual Meetings of the Fed- 
eration and makes recommendations to the Board of Control in regard to the time and 
place of such meetings. 


E. Sherman Chase, Chairman 


Earnest Boyce E. M. Jones 
Carl N. Brown J. G. Stewart 
L. J. Fontenelli W. H. Wisely 


Pusuiiciry AND ATTENDANCE COMMITTEE 


The funetion of this committee is to prepare publicity releases in connection with 
the Annual Meetings of the Federation and to direct the distribution of such material. 


L. H. Enslow, Chairman 
W. S. Foster W. A. Hardenbergh’ 
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Membership Lists 


SUMMARY OF MEMBERSHIP 
(As of December 31, 1952) 
Federation Members 


Associate Members...... 
Member Associations. ..... 


Net Membership of Member Associations * 


Member Association { Active Honorary | Corporate 


Alabama : 5 
Arizona. . < - 
Arkansas. . 
California. .. 
Canadian Inst 
Central States 
Dakota 

Federal 

Florida 

Georgia 

Germany 

Iowa 

ISE (England) 

ISP (England). . 
Kansas. . 
Kentucky-Tennessee 
Louisiana 
Maryland-Delaware 
Michigan 

Missouri 

Montana 

Nebraska 

New England 

New Jersey. . 

New York 

North Carolina 
Ohio 

Oklahoma 

Pacific Northwest 
Pennsylvania 
Puerto Rico 

Rocky Mountain 
South Carolina 
Swedent 

Swiss 

Texas... 
Virginia... 

West Virginia 


Totals. 


* Not including Dual Members. 
t Affiliation effective 1952, but memberships effective Jan. 1, 1953. 


366 


Total 


10 
38 
36 
3 33 
490 
387 
588 
36 
98 
| 137 
37 
| 34 
146 
24 
145 ; 
| 70 
| 98 
5 
57 
314 
37 
47 
4 14 
363 
201 
616 
112 
326 
30 
197 
381 
6 
59 
: 18 
15 
140 
| 90 
82 
— 5,382 | 10 | 137 5,529 
on 


MEMBER ASSOCIATIONS 


Alabama Water and Sewage Association—Sewage Works Section (Affiliated 1948). 


Territory: State of Alabama. 
President: C. Hammond; Vice-President: C. W. Veazey; Director: J. C. Clarke; 
Treasurer: D. H. McLean; Secretary: Alex O. Taylor, Box 69, Auburn, Ala. 


Arizona Sewage and Water Works Association—Sewage Works Section (Affiliated 
1928). 

Territory: State of Arizona. 

President: M. P. Goudy; First Vice-President: W. Harford; Second Vice-President: 

R. G. Baker; Director: L. O. Gardner; Secretary-Treasurer: M. V. Ellis, Supt., 

Sewage Treatment Plant, 46 W. Encanto Blvd., Phoenix, Ariz. 


Arkansas Water and Sewage Conference—Sewage Works Section (Affiliated 1946). 


Territory: State of Arkansas. 
Chairman: J. J. Highfill; Vice-Chairman: J. Wilson; Director: G. T. Kellogg; 
Secretary-Treasurer: Harrison Hale, Southern State College, Magnolia, Ark. 


California Sewage and Industrial Wastes Association (Affiliated 1928). 


Territory: State of California. 
President: Arthur G. Pickett; First Vice-President : Lawrence H. Cook; Second Vice- 
President: A. A. Appel; Director: K. A. Keirn; Secretary-Treasurer: Sam A. Weed, 
Rm. 315, City Hall, Oakland, Calif. 


Canadian Institute on Sewage and Sanitation (Affiliated 1933). 


Territory: Dominion of Canada. 

President: G. H. Baker; Vice-President: A. E. Chalmers; Director: Nicol MaeNicol; 
Secretary-Treasurer: A. E. Berry, Ontario Dept. of Health, Parliament Buildings, 
Toronto, Ont., Can. 


Central States Sewage and Industrial Wastes Association (Affiliated 1928). 


Territory: States of Illinois, Indiana, Wisconsin, and Minnesota. 

President: W. W. Mathews; First Vice-President: E. Hurwitz; Second Vice-Presi- 
dent: O. J. Muegge; Third Vice-President: A. J. Duvall; Director: W. D. Hatfield; 
Secretary-Treasurer: A. Paul Troemper, ¢/o Illinois Sanitary Water Board, Spring- 
field, TM. 


Dakota Water and Sewage Works Conference—Sewage Works Sections (Affiliated 
1936). 


North Dakota Section 


Territory: State of North Dakota. 
President: C. T. Stephenson; Vice-President: C. M. Hagen; Director: R. J. Stapf; 
Secretary-Treasurer: Jerome H. Svore, ¢/o State Dept. of Health, Bismarck, N. Dak. 


South Dakota Section 


Territory: State of South Dakota. 
President: A. T. Hanson; Vice-President: D. Wessel; Director: R. J. Stapf; Secre- 
tary-Treasurer: Charles E. Carl, ¢/o State Board of Health, Div. of Sanitary En- 
gineering, Pierre, S. Dak. 
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Federal Sewage Research Association (Affiliated 1930). 
Territory : Federal employees wherever stationed. 
President: L. B. Dworsky; Vice-President: R. S. Smith; Director: Robert N. Clark; 
Secretary-Treasurer: Wm. Davis, Federal Sewage Research Assn., Room 4218, Fed. 

Security Bldg., So., Washington 25, D. C. 


Florida Sewage and Industrial Wastes Association (Affiliated 1941). 
Territory: State of Florida. 
President: John W. Wakefield; Vice-President: W. C. Tims; Director: J. R. Hoy; 
Secretary-Treasurer: Donald P. Schiesswohl, Florida State Board of Health, P. O. 
Box 210, Jacksonville 1, Fla. 


Georgia Water and Sewage Association—Sewage Works Section (Affiliated 1936). 
Territory: State of Georgia. 
President: L. C. Bowen; Vice-President: S. Russell; Director: R. 8S. Ingols; Asst. 
Secretary-Treasurer: I. C. Kelley; Secretary-Treasurer: A. T. Storey, 1210 Hemphill 
Ave. N. W., Atlanta, Ga. 


German Sewage Technologists Association (Affiliated 1950). 
( Abwassertechnische Vereinigung) 


Territory: Western Germany. 

President: Max Priiss; Vice-President: Franz Schreier; Director: Karl Imhoff; 
Secretary-Treasurer: Wilhelm Bucksteeg, Schliessfach 1112, Ruhrverband, Essen, 
Germany. 


Institute of Sewage Purification—England (Affiliated 1932). 


Territory: British Empire. 

President: F. C. Vokes; Director: Martin Lovett; Honorary Secretary: W. F. Free- 
born; FSIW A Contact Member: Martin Lovett, 206 Bradford, Wakefield, Yorkshire, 
Eng. 


Institution of Sanitary Engineers—England (Affiliated 1932). 
Territory : British Empire. 
President: S. Brassey-Edwards; Vice-Presidents: W. E. Fretwell, A. Johnson, and 
E. H. Vick; Director: C. B. Townend; Treasurer: A. Seiver; Secretary: Ernest V. 
Balsom, 118 Victoria St., Westminster, S. W. 1, London, England. 


Iowa Sewage Works Association (Affiliated 1928). 


Territory: State of Iowa. 
President: J. L. Strelow; Vice-President: H. F. Seidel; Director: P. J. Houser; 
Secretary-Treasurer: Leo Holtcamp, P. O. Box 310, Webster City, Ia. 


Kansas Sewage and Industrial Wastes Association (Affiliated 1935). 
Territory: State of Kansas. 

Chairman: H. L. Ramage; Vice-Chairman: W. Parr; Director: G. E. Mau; Secretary- 

Treasurer: D. F. Metzler, c/o State Board of Health, Marvin Hall, University of 

Kansas, Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and Sewage Works Association (Affiliated 


1946). 


Territory : States of Kentucky and Tennessee. 
Chairman: H. D. Regan; Vice-Chairman: K. B. Stallings; Director: F. W. Kittrell; 
Secretary-Treasurer: R. P. Farrell, 420 Sixth Ave. N., Nashville, Tenn. 
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Louisiana Conference on Water Supply and Sewerage—Sewage Works Section (Af- 
filiated 1949). 
Territory: State of Louisiana. 
Chairman: J. C. Pittman; Vice-Chairman: A. J. Meyers; Director: J. J. Holtgreve; 
Secretary-Treasurer: G. H. West, Lake Charles, La. 


Maryland-Delaware Water and Sewerage Association—Sewage Works Section (At- 
filiated 1928). 
Territory: States of Maryland and Delaware. 
President: V. W. Faivre; First Vice-President: R. H. Ritter; Second Vice-President : 
E. F. Donaldson; Director: W. M. Bingley; Secretary-Treasurer: W. M. Bingley, 
2411 N. Charles St., Baltimore 18, Md. 


Michigan Sewage and Industrial Wastes Association (Affiliated 1930). 
Territory : State of Michigan. 
President: W. E. Smith; First Vice-President: K. Fishbeck; Second Vice-President: 
H. Oehlke; Director: C. L. Palmer; Secretary-Treasurer: D. M. Pierce, Michigan 
Dept. of Health, Room 334, Administration Bldg., Lansing 4, Mich. 


Missouri Water and Sewerage Conference—Sewage Works Section ( Affiliated 1929). 
Territory: State of Missouri. 

Chairman: William B. Schworm; Vice-Chairman: James Ramsey; Director: L. J. 
Lukrofka; Secretary-Treasurer: Warren A. Kramer, ¢/o State Office Bldg., Sixth 
Jefferson City, Mo. 


Montana Sewage and Industrial Wastes Association (Affiliated 1944). 


Territory: State of Montana. 

Chairman: 8. B. Ward; Vice-Chairman: C. H. King; Director: Earl Eby; Secretary- 
Treasurer: H. W. Taylor, Div. of Sanitary Eng., State Board of Health, Helena, 
Mont. 


Nebraska Sewage and Industrial Wastes Association (Affiliated 1952). 
Territory: State of Nebraska. 


President: M. S. Fitzsimmons; Vice-President: C. Welton; Director: S. Wilber; 
Secretary-Treasurer: Paul W. Mousel, 602 W. B St., McCook, Neb. 


New England Sewage and Industrial Wastes Association (Affiliated 1929). 


Territory: States of Maine, New Hampshire, Vermont, Massachusetts, Connecticut, 
and Rhode Island. 

President: E. L. Bond; First Vice-President: C. G. Hamman; Second Vice-President: 

W. E. Merrill; Director: W. H. Brown, Jr.; Secretary-Treasurer: Steven M. Hurley, 

Jr., e/o State Dept. of Health, 331 State Office Bldg., Providence, R. I. 


New Jersey Sewage and Industrial Wastes Association (Affiliated 1942). 
Territory: State of New Jersey. 
President: Sol Seid; First Vice-President: J. W. Hood; Second Vice-President: J. 
Collom; Director: Henry Van Der Vliet; Secretary-Treasurer: M. S. Kachorsky, 
P. O. Box 766, Manville, N. J. 


New York Sewage and Industrial Wastes Association (Affiliated 1930). 

Territory: State of New York. ; 
President: W. R. Schreiner; Vice-President: H. A. Faber; Director: W. H. Larkin; 
Treasurer: J. C. Brigham; Secretary: R. C. Sweeney, e/o State Dept. of Health, 21 
N. Broadway, White Plains, N. Y. 


“di 
4 
Nise 
i 
= 
ay 
‘ore 
2 
Ke 

| 
2 


370 SEWAGE AND INDUSTRIAL WASTES March, 1953 


North Carolina Sewage and Industrial Waste Association (Affiliated 1929). 


Territory: State of North Carolina. 

Chairman: J. L. Greenlee; Vice-Chairman: W. B. Snow; Director: P. D. Davis; 
Secretary-Treasurer: E. C. Hubbard, Executive Secretary, State Stream Sanitation 
Committee, Raleigh, N. C. 


Ohio Sewage and Industrial Wastes Treatment Conference (Affiliated 1932). 
Territory: State of Ohio. 

Chairman: Donald G. Stevens; First Vice-Chairman: W. D. Sheets; Second Vice- 

Chairman: G. Pettit; Director: T. C. Schaetzle; Secretary-Treasurer: Ward E. 

Conrad, 301 Ohio Depts. Bldg., Columbus 15, Ohio. 


Oklahoma Water, Sewage and Industrial Waste Conference—Sewage Works Section 
(Affiliated 1929). 

Territory: State of Oklahoma. 

President: Bernal H. Swab; Vice-President: L. Barngrover; Director: J. T. Sprague; 

Secretary-Treasurer: H. J. Darcey, State Dept. of Health, Oklahoma City 5, Okla. 


Pacific Northwest Sewage and Industrial Wastes Association (Affiliated 1933). 
Territory: States of Washington, Oregon, and Idaho. 
President : C. M. Everts, Jr.; Vice-President: J. H. Melton; Director: W. P. Hughes; 
Secretary-Treasurer: R. O. Sylvester, c/o Div. of Sanitary Engineering, More Hall, 
University of Washington, Seattle 5, Wash. 


Pennsylvania Sewage and Industrial Wastes Association (Affiliated 1928). 


Territory: State of Pennsylvania. 
President: R. F. Weston; First Vice-President: T. R. Haseltine; Second Vice-Presi- 
dent: G. Weist; Director: H. T. Reuning; Secretary-Treasurer: B. S. Bush, e¢/o 
Pennsylvania Dept. of Health, Kirby Health Center, Wilkes-Barre, Pa. 


Puerto Rico Water and Sewage Works Association (Affiliated 1947). 


Territory: Puerto Rico. 
President: E. F. Saavedra; Vice-President: R. Bras; Director: Felipe Bosch; Secre- 
tary-Treasurer: Robert J. Auld, e/o Puerto Rico Aqueduct & Sewer Service, Box 
2832, San Juan 12, P. R. 


Rocky Mountain Sewage Works Association (Affiliated 1947). 


Territory: States of Wyoming, Colorado, and New Mexico. 

President: C. H. Coberly; Vice-President: John Frederick; Director: C. G. Caldwell; 
Secretary-Treasurer: C. E. Harness, City Engineer, 272 City and County Bldg., 
Denver, Colo. 


South Carolina Water and Sewage Works Association—Sewage Works Section (Af- 
filiated 1949). 

Territory: State of South Carolina. 

Chairman: M. Bright; Vice-Chairman: F. Gibson; Director: T. E. Robertson, Jr.; 

Secretary-Treasurer: W. T. Linton, Wade Hampton Bldg., Columbia, S. C. 


Swedish Association for Water Hygiene (Affiliated 1952). 
(Foreningen Vattenhygien) 


Territory: Sweden. 
President: S. Vallin; Director: N. Westberg; Secretary: Sten Hesser, Box 5038, 
Stockholm 5, Sweden. 
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Swiss Association of Water and Sewage Professionals (Affiliated 1947). 
(Association Suisse Des Professionels De L’Epuration Des Eaux) 

Territory : Switzerland. 

President: A. Kropf; Vice-President: F. Schneiter; Director: E. Holinger; Treas- 

urer: E. Holinger; Secretary: F, Baldinger, im Quel] 252, Rohr/Aargau, Switzerland. 


Texas Water and Sewage Works Association—Sewage and Industrial Wastes Section 
(Affiliated 1928). 


Territory: State of Texas. 
Chairman: A. H. Ullrich; Vice-Chairman: A. C. Bryan; Director: E. W. Steel; 
Secretary: V. M. Ehlers, 501 W. 33 St., Austin, Tex.; Assistant Secretary and 
Treasurer: Mrs. Earl H. Goodwin. 


Virginia Industrial Wastes and Sewage Works Association (Affiliated 1947). 
Territory: State of Virginia. 
President: S. H. Reaves; Vice-President: S. R. Evans; Director: E. C. Meredith; 
Secretary-Treasurer: J. L. Hamrick, 415 West Franklin St., Richmond 20, Va. 


West Virginia Sewage and Industrial Wastes Association ( Affiliated 1947). 


Territory: State of West Virginia. 
President: A. R. Todd; First Vice-President: W. D. Kelley; Second Vice-President: 
J. F. Vogler; Director: H. D. Lyon; Secretary-Treasurer: G. O. Fortney, State 
Department of Health, Charleston, W. Va. 


HONORARY MEMBERS 


Bugbee, Julius W. (1942), 246) Hyde, Charles Gilman (1943), Cons. | Orchard, William J. (1946), Gen. 
Lowell Ave., Providence 9, 1. Engr., 2495 Shattuck Ave., Berke- | Mgr., Wallace & Tiernan Co., Inc., 
DeBerard, Wilford Willis (1950), ley 4, Calif. Newark 1, N. J. 
City Engr., Bur. of Eng., Dept 
of Pub. Works, 402 City Hall, | Mohlman, Dr. Floyd W. (1944) Pearse, Langdon (1942), Sanitary 


Chicago 2, Ill. Dir., Div. of Lab., Sanitary Dist Engr., Sanitary Dist. of Chicago, 
Emerson, Charles A. (1941), Cons. of Chicago, 910 S. Michigan Ave 910 S. Michigan Ave., Chicago 5, 
Engr., Havens & Emerson, Wool- Chicago 5, Ill. Il. 


worth Bidg., New York 7, N. Y. 
Gilcreas, F. Wellington (1948), Asst. Moses, Howard E. (1943), Chief | Rudolfs, Dr. Willem (1945), Chief, 


ir., Div. of Lab. & Research, Sanitary Engr., State Dept. of Dept. of Sanitation, Agr. Experi- f 
Dept. Heaith. Health, 1522 N. Second St., Harris ment Sta., Short Course Bldg., | 
land Ave., Albany 1, N. Y. burg, Pa. New Brunswick, N. J. P 


ASSOCIATE MEMBERS 


Lumber & Treating Co., 


American 


Albert Pipe Supply Co., Inc., Berry | Carter, Ralph B., Co., 192 Atlantic 


& North 13th St., Brooklyn 11, 332 S. Michigan Ave., Chicago 4, St., Hackensack, N. J., Rep. J. 
N. Y., Rep. J. J. Dougherty. =. Rep. J. E. L. McCall, Ady Macnen, c J ep. J. J 
New | American Well Works, Aurora, Il.,| Chain Belt Co., Milwaukee, Wis., 
Kase. a Rep. L. H. Kramer, Exec. Vice- Rep. W. B. Marshail. 
American Car and Foundry Co., 1501 Chapman Valve Mig. Co., 203 
:. Ferry Ave., Detroit 11, Mich., | Drainage & Metal Products. | Hampshire St., Indian Orchard, 
Gormley, Sales ‘Ohio, Rep. W. "Spindler, Mass., Rep. Donald M. Belcher. 
B Pub. Mgr. Chicago Pump Co., 622 Diversey 
Cast Gila Automatic Control Co., 1005 Uni-| Parkway, Chicago 14, TIIl., Rep 
ingham, Ala., Rep. - Gilder. versity Ave., St. Paul 4, Minn., | Milton Spiegel, Vice-Pres 
American City Magazine, 470 Fourth Rep. J. S. Williams. 
Ave., New York, N. Y., Rep. Clay Products Assn., 100 N. La- 
Edgar J. Buttenheim, Pres. St., Chicago, IIL, Rep. J. D 
American Concrete Pipe Assn., 228 ide i I Div 
N. LaSalle St., Suite 1033, Chi ©. Box | Climax Engine & Pump Mfg. Co., 
cago 1, Ill., Rep. Howard F. Peck- 1342, Providence, R. I., Rep. W. 208 N. LaSalle St., Chicago 4, Il., es 
worth, Managing Dir. H. Brown, Jr. Rep. E. D. West, Mgr. a 
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Inc... Eng ep. Nels p., Por 
C. W. Gor Chicz v., 1315 nertol Pact ; 
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MEMBERSHIP OF MEMBER ASSOCIATIONS 


By direction of the Board of Control on October 7, 1951, the alphabetical directory 
of Active and Corporate Members of the Member Associations will henceforth be pub- 
lished in the March issue of the JoURNAL only in alternate years. This having been 
done last in 1952, such directories in the future will appear in the even-numbered years. 
The Board has directed further that a listing of names only of Active and Corporate | 
Members of the Member Associations be published in the March issue of odd-numbered 
years, beginning with this issue. 

The listing presented here groups the names of members according to Member 
Associations. Addresses are given in the Consolidated Membership Directory on pages 
355-422 of the March, 1952 issue, except for new and reinstated members in 1952, whose 
names are designated here by an asterisk (*). 
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American Cast Iron Pipe Co. | 

(E. L. Gilder 

Beck, Arthur N. 

Birmingham Slag Co. 
(W.H 

Bolton, John M., 

Byrd, Kenneth D. 

Clarke, J. C 

Coggin, Benton G., Jr 

Cook, Leland B. 

Crockett, J. L., Jr.* 


ARIZONA 


Arizona Concrete Pipe Co.* 
Bennett, Richard 
Brinkerhoff, W. 
Brown, Eugene M.* 
Carney, Harold E.* 
Carollo, John A 
Cecil, Lawrence K 
Clements, Howard * 
Concrete Conduit Co 


Ames, L. C. 
Baughn, R. N. 

Bell, William E 
Blalock, 
Busby, A. L.* 
Carter, Gerald R 
‘lapham, T. W. 
Clayton, Harry H. 
Conway, Hollis R. 
Cowsert, E. L.* 
Crawford, Wyatt B.* 
Crist, Marion L. 
Curry, Allan 
Dameron, Zack * 
Dees, Ben W. 


Albers, J. 
Alderman, Frank E 
Aldrich, Lloyd 

Allin, John R. 
Alvarez, H. R. R.* 
Ambrosini, Arnold T. 
Anaya, Marvin 
Anderson, Alva L 
Anderson, Guy H 
Anderson, Norman W. 
Anderson, William A. 
Andrus, Robert G. 
Anton, Louis A.* 
Antrim, R. T. 

Appel, Alvin A. 


Dunstan, Gilbert H. 

zilmore, W. H.* 

Gran, John E 

Gray, C. L. 

Howse, B. C 

Jordan, L. L 

Krebs, Paul B 

Longview Lime Corp. 
(Warren Lewis) 

McCreery, Thomas W. 


Cushing, Robert M. 
Davenport, G. L., Jr. 
Ellis, M. V. 

Fitch, Reamy C.* 
Gardner, Leigh O.* 
Hall, Walter C. 
Hastain, James E. 
Hausmann, A. R. 


Dickinson, W. D. 
Embree, Lon J. 
Faye, John * 
Fren h, H. 
Gerleman, Kenneth F. 
Hale, Harrison 
Hampton, E. 

Haws, Ray 

Heagler, A. E. 

Heiple, Loren R. 


Highfill, J. J. 
Hubbard, Carl * 
Jackson, John S. 
Johnson, D. O. 


Arness, Carl H., Jr.* 
Arnold, Gerald E. 
Bacon, Vinton W. 
Baldwin, R. L. 
Banks, Harvey O. 
Bardin, William J. 
Bargman, Robert D. 
Barlow, Willis D. 
Barney, Warren A. 
Barry, Lester S. 
Beardsley, C. W. 
Beeman, Douglas H.* 
Bejcek, Otto J 
Bejma, Leonard J.* 
Belick, Frank M. 
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ALABAMA WATER AND SEWAGE ASSOCIATION 
McIlvaine, W. D., Jr. 


McLean, John W. 
Mitcham, George N. 
Moore, Thomas E. 
Pradat, J. E. 

Rae, Robert D. 
Robinson, L. 
Samuel, W. L. 
Scott, Fred, Jr. 
Scott, W. R 


SEWAGE AND WATER WORKS ASSOCIATION 


Henderson, Stuart P. 
Jordan, Harry S. 
Marum, Edmond F.* 
Marx, George 
Mathis, Alice L 
McLean, Claude E 
Miller, Alden W 
Padgett, J. W 


ARKANSAS WATER AND SEWAGE CONFERENCE 


Jones, Mervyn 
Kellogg, Glen T.* 
Lambert, E. A. 
Lefever, K. W. 
Lewis, Frank L. 
Mahaffey, John E. 
Marti, George * 
McConnell, Otis 
McDonald, F. L. 
McGoodwin, L. M. 
Mehlburger, Max A. 
Nott, Arthur C.* 
Osborne, J. L. 
Phillips, M. H. 
Poston, H. W. 


CALIFORNIA SEWAGE AND INDUSTRIAL WASTES ASSOCIATION 


Bell, Anthony E. 
Bell, John W. 
Belt, Elmer H. 
Benas, Benjamin 
Bennett Eng. Co. 
Betz, Jack M. 
Bernasconi, 
Bertrando, 
Blakeley, E. 
Boardman, John * 
Bogost, Meyer S. 
Bolin, R. R.* 
Bonderson, Paul R. 
Bondietti, Lester 
Borland, Victor J 


Strange, Forrest R. 

Taylor, Alex O. 

Ulrich, Julius P. 

Waldrop, Owen 

White, Charles W. 

Willis, William T. 

Wittichen Chemical Co 
(W. O. Mullins) 


Wittichen Chemical Co. 


(W. A. Ames) 


Rotthaus, Helen 
Stufflebean, John H. 
Travaini, Dario 
Trygg, Charles 
Tucson, City of 

(A. E. Ferguson) * 
Tyson, J. H. 
Webb, Clark 
Yost, Harold W. 


Powell, Nixon W.* 
Powers, John B. 
Pryor, Porter L. 
Sanderson, Solon 
Seabolt, M. L. 
Sellner, Edward P. 
Spratt, Eugene C. 
Steward, W. R. 
Thayer, Neal B. 
Thomas, Charles O. 
Thomas, M. H.* 
Wood, Marvin L.* 
Woolsey, Lawrence S. 
Zander, Paul M.* 
Zinn, Clyde 


Borrie, Edwin F. 
Bossche, H. C. 
Bothwell, John I.* 
Bower, Noble 
Bowlus, Fred D. 
Boyle, J. R. 

Braun, Leo 
Rravender. Norris F.* 
Brewer, Robert 
Brodie, Omer H. 
Brookman, H. R. 
Broughton, John R. 
Brown, Kenneth W. 
Browning, Glen E.* 
Bruce, Donald A. 
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Brunty, Clarence E 
Buchanan, H. C.* 
Bulot, Francis H 
Burgess, Kenney * 
mn, Blair I 
Burt, Gordon L. 
Busch, Carl G. 
Bush, Albert F. 
Buss, Edward W 
Caldwell, David H 
Carey, James 
Carnahan, 
Carroll, T. M. 


Cary, 


Gibs 
Gill, John B. 


Charles T 


Gillespie, Chester G. 
Gilman, Richard H.* 
Gladding, Charles 
Glover, H. F.* 
Gotaas, Harold B. 
Graham, William 
Graves, Walter C.* 
Gray, Harold F. 
Greenberg, Arnold E. 
Gregory, John H. 
Gregory, Theo. R 
Groves, a es O. 
Haagensen, Edward A 
Hager, Eve a G. 
Haines, Jesse E 
Hall, Mortimer L 
Hancock, Donald J.* 
Hanna, W 

Haratani, Jo seph, 
Harper, Travis ¢ 
Harrison, Gordon L. 


Harrison, John B. 
Haseltine, T. R 
Haskell, B. P., Jr 
Hedge, W. Clifford * 
Henderson, W. I 
Hennessy, Paul V.* 
Hicks, H. S 

Hild, John F 

Hill, Clair A 

Hill, K. V. 


gle, Ro 
Holcomb, Sco ott 


Horstkot te, G. A. Jr.* 
Hoskinson, Carl M. 


Howe, John B. 

Howell, Eugene M. 
Hubbard, William B.* 
Huber, Samuel 
Hubon, I. A 

Huebner, Ludwig 
Huebscher, Raymond * 
Huffman, Fred 

Hume, Ni 


rman B 
P 


Arthur J 
William T 


"Was land 


nes, F 
Jones, Phil R 


Tones, Ray W 
Jorgensen, Homer W 
seph. Earnest F.* 
Tunk, W. S.* 
Kalichman, Samuel G 
Kaufman, Warren J 
Kaulbach, Howard S 
Keeler, Russell B 
Keirn, Kenneth A. 
Kells, G. King 
Kel ly 
Kennedy, 
Kennedy, 


Ke nnedy 


Richard R 
Re bert M 


of 


Knapp Hobart C. 
Knapton, William 


L ack, Clarence E. 


Pub 


SEWAGE AND INDUSTRIAL WASTES 


Lackner, J. E. 

Lacy, Milo 

Langelier, W. F. 

Larkin, Donald G 

Larsen, H. Peter * 

Larson, John A. 

Larson, Linnie C. 

Lawrence, Edward 

Lawson, H. 

Lee, Charles ii. 

Leete, Gene V. 

Leggett, John T. 

Lemmon, Walter R 

Lindholm, George F.* 

Long, Frank V. 

Longwell, John S. 

Lonner, Harry W. 

Los Angeles, City of * 

Los Angeles Public Library 
(Municipal Reference 
Lib.) 


Los Angeles Public Library 


(Serials Division) 
Louis, James Lun 
Lovelace, Charles B.* 
Ludwig, Harvey, F. 
Ludwig, Russell G. 
Luippold, G. T. 
Luter, R. J., Sr.* 
Lyons, Ivor A. 
Macabee, Lloyd C. 
MacPherson, William J. 
Maga, John A 
Maldonado, 
Mallery, J. C 
Manteca, C ity of 
Manuell, William K.* 
Marsh, Edward P.* 


Martin, Arthur E. 
Martin, Benn S. 
Martin, H. E.* 

May, Harold L. 

Mays, 
McCandless, Charles S. 
McCarthy, R. E. 


McCaslin, K M. 
McClain, Manford E. 
McColl, Eli 

McCor mack. 
McGeorge, William L. 
McGuire 


McKee, Elwood B.* 
McKee, Jack E 
McKinnie, M. B. 
McLaren, Alfred M. 
McLeod, William T. 
McMillin Wo W. 
McM« 


McMorrow, Thomas M. 
McSwain, J. F. 
McWilliams, Clarence 
Medbery, H. C 
Mendoza, Felipe, 
Merritt, A. T 
Robert C. 
Metrovich, Mark E. 
Meyer, Louis P. H. 
Miick, Fred E 
Miller, Harold E.* 
Milts, Harvey J. 
Miner, Robert E. 
Moore, William A. 
Moranda, Walter B. 
Mott, Robert D.* 
Nagano, Joe 

Nat H 

Ne bor, H. M.* 
N Is n, Fred G. 
Nilmeier, Herbert P. 
Noel, Carl F. 
Norgaard, John T. 
Nottingham, M. C. 


Merz 


| Nusbaum, Isadore 
O'Connell, W. J 


O'Neill, Ralph W. 
O’Hair, Charles H.* 
Onge rth, Henry J. 
Ovington, James R. 
Owen, F 
Page. Ronald C.* 
Painter, Carl E. 
Parker, H. C.* 
Parker, as A. 
Parkes. G. A 
Parkhurst, John 


Parrish, Miles A. 
Partin, John L. 
Pascal, Carl C. 
Pateman, Stanley G.* 
Paul, Robert M. 
Payne, Cedric A.* 
Pearl, Emanuel H. 
Pearson, Erman A. 
Peirson, Frank L. 
Pelez, Harold * 
Peterson, J. H. 
Peterson, York 
Phelps, Byrl D. 
Pickett, Arthur G. 
Pomeroy, Richard 
Porter, Harold 
Powers, R. W. 

Pratt, Jack W. 

Preen, Sydney 
Prodanovich, Dahilo 
Punshon, Arnold * 
Quartly, Eric V. 

Quist, Fred E.* 
Ramler, Harold N. 
Ramseier, Roy E.., Sr. 


Ramsey, W. M.* 
Rawn, A. M. 
Reed, Charles A. 


Reed, Frank R. 
Reed, George W 
Reeves, Carroll F. 
Reinhardt, Arthur W. 
Reinke, E. A 
Reinoehl, Don 
Reynolds, Leon B. 
Ribal, Raymond R. 
Rice, Joseph 
Richey, Curtis E. 
Riegel, Harry I.* 
Riffe, Norman T. 
Rink, Henry 
Roberts & Brune Co. 
Roberts, W. C. 
Rodes, W. E 
Rogers, Jack C. 
Rogers, Raymond M. 
Rose, Stanley R. 
Ross, Elmer E. 

ss, J. A. 


William A. 
William A. 
Russell, E. L 
Sanchis, Joseph M. 
Sampson, Edward O 
Sarles, Frank B.* 
Sauer, Victor W. 

Sche id Charles R 
Schenet, Eugene W. 
Schneider, R. W.* 
Schneider, Ruben 
Schneider, Warren A. 
Schobert, J. C. 
Schultz, Irving 
Schweining, Henry L.* 
Senseman, William B. 
Serpa, George R.* 
Scholari, Emil 

Segel, A.* 

Seitel, G.C 

Shapiro, Maurice A. 
Shearer, A. B. 
Shilling, LaVern G. 
Shook, H. E. 

Short, Frank R.* 
Silberbauer, W. R. 
Siverts, Samuel A. 
Smith, Chester A. 
Smith, Guy R.* 
Smith, J. F. 

Smith, Sherwin T.* 
Snider, H. T. 
Snyder, John A., Jr. 
Sotter, Ralph R. 
Stanich, A. J. 
Starns, R. M., Jr. 
Stead, Frank M. 
Stege Sanitary Dist. 
Stewart, Morgan E. 
Stone, Ralph 
Stone, R. V., Jr. 
Stowell, Edwin R. 
Studley, Elbridge G. 
Sukacz, Edward J.* 
Summeril, F. J.* 
Sunnes, Philip H.* 
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is 
berlain, L. H | | : 
ang, Howard T | } 
anin, Gerson * } 
AB apman, Harry C 
fe artier, Fred O 
tter, W. H. | 
accio, P. L. | 
wk, J.C. 
n, Ervin H.* | 
Gilbert | 
J 
ton | 
Roy 
ns, Thomas F | 
mpton, C. R 
“i mnors, Joseph J | 
ook, Lawrence H | 
‘ook, Leland, Jr | 
Pooley, E. C. : 
“opeland, Kern H 
oppa, G. J. Holmlund, A. E. | 
Torry, James Holyoke, G. E | 
Trafts, John H | 
reears, Tom H | | 
“retzler, Don J 
‘ritchlow, David M 
rrummey, Charles A.* 
ulver, John R | } 
‘urrie, David H } | 
“urrie, Frank S | | ‘ 
urry, W. G.* | 
Darnell, Floyd M 
Davids, E. M 
Davidson, J. F Hutchir 
Davey, Harold W Hyde, Charles Gilman 
a Davis, Glen * Hyde. Harlow, Jr. 
DeMartini, Frank Hyde, W. S 
Derby, Ray L Inerfield 
DeWante, Randolph H Ingram 
oo Dierker, Fred H., Jr Jacka, Sam C 
Dillashaw, E. J.* Jackson, Earl E | 
iy Dinsmoor, D. S.* Jeffrey, H. H : 
a Dirk, Marvin P.* | Jenks, Harry N : 
= Driggs, E. Ogden Jenks, John H | 
ec Duckel, Sherman | Jennings, J. Car! | 
ie Dye, R. D Jessup, A. H 
at Early, Fred J., Jr Johnson, Ivan L.* é 
Easthagen, J. H 
Eastling, Harvey \ 
Ney Eddy, Harrison P., Jr | 
Egan, J. H } 
Ellis, Watson 
Eich, Henry | | 
Faris, Ceci] R.* | | 
Farnum, Norman W } 
or Farr, Leo Grant, J ; 
Fassel, James E.* 
Faulkner, Wm. J 
Fee, John R.* 
Fenchel, Randolph | 
Fetzer, Clari A. | 
Flewelling, George 
Finster, Edwin H 
Fish, Raymond | | 
Flannery, H. J.* Kern C 
Sy Foster, H. B., Jr Health | : 
Fraschina, K Kersnar, Frank J.* 
nips Frick, A. L., Jr Kimball, Jack H. e 
“§ Galloway, Robert N King, L. P. ; 
Gannon, John Kivari, A. M | 
Gannon, Timothy J | 
Gardner, R. T | 
Geary, France | 
Geoghegan, Gordon Kn H. A 
Koet Adolph H., Jr. | 
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Sweet, Charles A. 
Swonk, Ralph J.* 

Taylor, J. E 

Thews, Vernon W 

Thoits, E. D. 

Travis, Manuel, Jr 
Thomas, Mark E 

Toole, George E.* 

Trotter, Roy M. 

Uhte, Warren R. 

Un Ocampo, Lamberto 
University of Calif. Lib. 
Univ. of Southern Calif. Lib. 
Updegraff, W. 


Allan, L. B. 
Alport, Frederic * 
Anderson, C. S. 
Anderson, R. V 
Anderson, W. J 
Ansari, M. Y.* 
Archibald, H. E. 
Argo, John W. 
Armstrong, C. G. R 
Ayers, Frank E. 
Bailey, Harold M 
Bailey, Robert T 
Baird, E. M. 
Baker, G. H 

Ball, Oliver V. 
Ball, William F. 
Barr, Melville 
Battershill, J. W. 
Bayard, G. A. 
Beauchemin, J. A * 
Bell, Fred A. 
Belleville, Laurier 
Benoit, Jacques 
Berkeley, Garnet L 
Bernhart, Alfred P. 
Berry, A. E. 
Beveridge, J. A. 


Borgford, T. B 
Bosworth, R. F. D 
Both, Jack 
Bowering, R. 
Bowser, Reginald 
Bradley, Harold D 
Bradley, Whitney L. 
Brakenridge, Charles 
Brickenden, F. M 
Brisco, G. N. 
Brown, Allan C.* 
Brown, K. V. 
Browne, F. G. 
Brownridge, F. B. 
Bubbis, N. S 


Bye, Norval E. 
Cabana, Les Paul 
Cairns, K. C.* 
Cameron, Alwyn J 
Campbell, R. 
Carnwath, James 
Carss, Harold W. 
Case, C. William 
Cassels, W. L. 
Catto, R. W. 
Caverly, David S. 
Chaldecott, John J 
Chalmers, A. E. 
Chenevert, J. G. 
Chisholm, William O 
Clappison, 
Claridge, R. E. 
Clark, A. W. G. 
Clarkson, G. H. 
Clawson, W. K.* 
Collier, J. D. 
Collins, W. H. 
Collison, Lloyd S. 
Conant, F. M. 
Copp, Stanley S 
Corcoran, J. 
Corless, M. T 
Cosman, Ernest 
Coulson, C. L. 


Upson, Dick 

Utah State ay Health 
Van Meter, 

Van Norman, H* 
Vieira, Arthur * 

Visalia, City of 
Wadsworth, Ralph G. 
Walsh, Raymond * 
Walters, Grover L. 
Wanderer, W. C., Jr.* 
Ward, Pau! C. 
Webster, Cedric 
Weckel, W. O. 

Weed, Sam A 


Cousineau, A 
Cowan, 
Craig, Hugo B. R 
Crase, George H. 
Crawford, D. E. 
Crawford, George B. 
Crepeau, Louis 
Currie, G. N. M.* 
Currie, V. R. 
Curtis, John K. 
Cyr, Rene 

Daly, James A. 
Daly, Robert E. 
Davey, Roland E. 
DeLaporte, A. V. 
Delisle, E. A. 
Dempsey, W. T. 
Deslauriers, A. J. 
Desmarais, R. J. 
Dexter, W. A.* 
Dick, Charles 


Dickey, H. R. 
Dilworth, Harold M. 
Disher, D. M. 


Dobson, 
Dufresne, Paul 
Duncan, J. G. 
Edmonds, W. R. 
Edwards, Clement 
Flley, John R.* 
Elliott, Thomas E. 
Erwin, R. Blake 
Evans, Leonard C. 
Falls, O. M. 
Farren, W. 
Fawcett, J. H. 
Fell, C. W. 
Flattery, M. 
Fletcher, John G.* 
Fletcher, W. J. 
Flook, S. E. 
Fontaine, Leopold * 
Forsberg. C. R. 
Fraser, Charles E. 
French, R. Del. 
Galimbert, G. M. 
Garrett, Roy W. 
Gass, George M. 
Gibeau, Henri A. 
Gilchrist, Tom 
Gillett, S 
Gliddon, William 
Goebelle, "Norman J. 


Goode, N. 
Goodswan, Ben J 
Goodwin, S. E. 


Gordon, John C. 
Graham, M. P. 
Grant, Roy M. 


Greer, George R. 
Griffith, J. L. 
Grimmer, A. K. 
Hackborn, E. G. 
Henry 
Hage R. 
hy William J. 
Hamilton, G. M. 
Hamilton, H. L. 
Hankin, Francis & Co. 
Hansford, A. E 
Harris, A. C. 
Heath, Raymond F. 
Henderson, N. 
Higel, Ralph O. 

ill, B. R. 
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Weingarden, Elm * 
Weir, Morley 
Wells, Edwin A., Jr. * 
Weltch, Paul D. 
Werle, Armand E. 
West, Alfred W.* 
West, Ezra 

Wheeler, William H. 
White, George C. 
White, Harry H. 
White, R. E. 

White, Wallace W. 
Wicht, Edwin W.* 
Wiggins, W. C. 


CANADIAN INSTITUTE ON SEWAGE AND SANITATION 


Hill, Robert B. 
Hooper, Fred J. 


Horton Steel Wks. Ltd. 


(H. F. Stearns) 
Hoskin, Douglas G. 
Howard, 4 
Howe, J. P. 
Howe, Martin W. 
Hurst, W. D. 


Jackson, C. E. 
Jewell, H. William 
=. Norman A. 

ay, Lawrence A. 
Keene, William * 
Keith, J. Clark 
Kellington, John T. 
elman, John A. 
Ker, M. F. 
Keyes, N. 
Kidd, A. A 
Kilborn, R. 
Kimball, George F. 
Kingston, T. M. S 
Kinney, J. B. 
Kirk, J. W.* 
Knight, C. H. 
Lafreniere, T. J. 
Laliberte, A. 
Lalonde. Jean-Paul 
Lamb, Charles 
Lambert, John 
Lamson, B. 
Lane, Frederick C. 
Lane, Graham B. 
Langlais, Z. 
Lea, Harry, W. 
LeBlanc, Rene A. 
Lee, J. Douglas 
Lemieux, Henri-Julien 
Lemieux, R. A. 
Ley, Charles H. 
Life, Neville W. 
Livingston, J. D. 
Lloyd, G. H. 
Lockton, Otho W.* 
Lumsden, Hugh 
MacDonald, J. D. A. 
MacKenzie, James M. 
MacLaren, James F. 
MacLaren. James W. 
Maclean, Donald G. 
Maclennan, William E. 
MacLeod, Keit 
MacNicol, Nicol 
Magwood W. H. 
Maher, Mary C. 
Main, Thomas C. 
Marcotte, Beniot W.* 
Marr, R. B., 
Marshall. W. W. 
Martin, Ronald F. 
Mason, Ernest R. 
Franklin 
McBrien, S. R. 
McCannel, D. A. R. 
McCrady, Mac Harvey 
McDonald. N. G. 
McFwen, S. J. 
Mc Faul, W. L. 
McGrath, F. W.* 
McGuire, J. M. 
McHugh. C. 
McKay, W. G 
McLean, D. L. 


Wilcox, Roger F. 
Wilkinson, Ed A. 
Williams, M. E.* 
Williams, Roscoe W. 
Winter, 
Wintersgill, A. 

Wise, Melvin J." 
Witz, Walter 


Yoder, Carleton 
York, Charles E. 
Young, John T. 
Zoellner, Robert W. 


McLean, Neil N 
McMahon, H. W 
McManamna, T. L. 
McNiece, L. G. 
McPhail, Alex L. 
McQuillan, Robert G.* 
McRae, A. D 
Meadows, C. A. 
Mediand, C. R. 
Menzies, J. Ross 
Mercer, Keith * 
Merlo, Louis A., Jr. 
Miller, W. C. 
Mills, W. Stuart 
Milne, Stanley A.* 
Mitchell, H. G. 
Moffatt, Allan G. 
Morgan, George 
Morin, 

Mott, ‘Charles A. 
Muller, Cc. G. 
Munroe, E. H. 
Murray, Walter 
Musgrave, A. S. G. 
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Cutting, Onie S.* 
Cuyler, Clarence E 
Davis, Eugene F.* 
Davis, Harold J 
Davis, J. Harold ° 
Henry J 
Early, M. W. 

Edie, W. D. 

Ekern, Andrew 
Eldridge, E. F. 
Emery, Forest M. 
Everts, Curtis M., Jr. 
Farrell, James K.* 
Fitch, Henry M. 
Flood, T. S. 


PENNSYLVANIA 


Abel, C. F. 

Abington Township Public 
Works Department 
(Oliver L. King) 

Agulia, Frank P.* 

Allegheny County Sanitary 
Authority 


Graves, Quintin B. 
Harrell, H. O. 
Hoss, W. B.* 
Hromada, M. 


Klafike, Kenneth 


Fowler, H. D. 
Fox, Louis E. 
Frick, A. L., Jr. 
Gearhart, John B. 
Gerow, Theodore M., 
Gibbs, L. C. 

Goode, N. J. 
Goodnight, V. L. 
Green, Carl E. 
Green, Stewart G. 
Groff, Gilbert 
Haislip, Philip E. 
Hallgren, Warren D. 
Hamilton, R. F. 
Hammond, George R. 
Harris, Robert R 
Harris, Roy M. 
Harstad, H. T. 
Heath, J. Ray 
Highton, James L.* 
Hill, Allen E. 

Hoey, James K. 
Hoover, R 
Howard, M. 
Howland, Cc 
Hughes, William I’. 
Hyde, Obert R. 
Ingman, Gordon G 
James, Roger 

Jensen, Emil C 
Johnson, Lawrence * 
Jones, Kenneth R 
Jones, P. E. 

Jullum, Henry 
Junk, Frank S.* 
Kachelhoffer, Fred G. 
Kalista, Godfrey 
Kennedy, Richard R. 
Ketchum, Lyman B.* 
F.M 


Kipp 

~ Aiwin G. 
Ray E. 
Kramer, Harrison W. 
Kramer, Richard E. 
Krause, Samuel * 
Latimore, J. H. 
Larson, Kenneth L.* 
Leaver, Robert E 
Leete, Gene V. 
LeMay, Andrew L. 
Livesay, D. P.* 


Jr. 


SEWAGE AND IN 


(J. F. Laboon) 

Allen, James H. 

American Home Foods, Inc., 
Chef Boy-Ar-Dee Divi- 
sion 
(Andrew W. Machamer) 

American Viscose Corp. 


Lawrence, H. T. 
Morris, Grover L. 
Moutrey, Cc. 
Mullins, John * 
Schouten, Ernest W. 
Settle, Lester L. 
Shoebotham, T. B. 


PACIFIC NORTHWEST SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 


Livingstone, David 
MacKenzie, Robert G. 
Malony, W. L 
Mannes, Conrad O. 
Maske, William * 
Mathews, Kenneth E.* 
Matthews, Willard 
Maykoski, Robert T.* 
Mayne, Arthur H. 
McClain, E. C. 
McCleary, E. L. 
McCormick, J. L. 
McGrath, Robert L. 
McGuire, M. H. 
McMains, Dale 
McNamara, W. P. 
Melton, James H., Jr. 
Merryfield, Fred 
Merryman, Harold W. 
Meyer, Paul H.* 
Moore, Emmett B. 
Morris, David R.* 
Morrow, Ben S. 
Morton, William 
Musgrave, A. S. G. 
Nelson, Ben O 
Nelson, Fred G 
Nickel, Carl A 
Ofner, Frank K.* 
Oliver, J. C. 

Olsen, Carl S 

Olson, Kenneth F.* 
Orlob, Gerald 1 
Osborne, Francis T 
Parks, Clare A 
Patterson, Harold M.* 
Perry, 

Peterso n, ” Roger 
Petty, Harold N. 
Pratt, Jack W. 

Reed, Clifford D.* 
Quiner, John H.* 
Rice, Archie H. 
Roderick, Ralph E. 
Ross, Donald L.* 
Runyan, Marvin W. 
Ruppert, E. L. 
Sandel, Neil J.* 
Saxton, Walter W. 
Schroeder, Marvin H. 
Seabloom, Robert 
Seabrook, C. S.* 


(R. M. Pfalzgraff) 
Anderson, William M. 
Appleton, Lester S.* 
Armour Leather Company 

(H. W. Rozenberg) 

Art Metal Works, Inc. (Pa.) 
Howard A. Garaventi) 


Zimmerman, Leslie L. 


OKLAHOMA WATER, SEWAGE AND INDUSTRIAL WASTES CONFERENCE 


Smouse, John P. 
Sprague, J. T. 
Swab, Bernal H. 
Taylor, Frank S. 
odd, Lee O. 
Watt, Paul * 
Williams, R. O. 
Wingfield, F. E.* 


Severence, Edwin S. 
Sewell, H. A. 
Shanahan, A. M. 
Shera, Brian L. 
Sisler; H. H. 
Skooglund, Carl R. 
Smith, C. Glen 
Smith, Harvey J. 
Smith, R. Trumbull 
Smith, Wendell H. 
Smithson, Thomas 
Sneddon, Alexander W. 
Snodie, Ear 

Snyder, M. K. 
Sparrow, Willis M. 
Sphar, Leland L. 
Spies, Kenneth H. 
Stafford, Robert E. 
Stillman, A. K. 
Strate, Alfred R.* 
Streeter, Ralph * 
Stockman, R. L. 
Sylvester, Robert O 
Strudgeon, George 
Templeton, W. 
Thompson, H. Loren 
Thompson, 
Thompson, R. Bb. 
Thorpe, Vernon 
Trollier, Howard R. 
Turner, Edmond s. 
Tyler, R. 

Visser, Harry A.* 
Volpp, A. G. 
Waggoner, Norman E. 
Wagner, E. C. 
Wahl, Andrew J. 
Wallace, John R., Jr.* 
Walton, Thomas * 
Ww arburton, W. E. 
Ward, Jonathan B. 
Wark, James E. 
Warner, E. L. 
Warren, any 
Webber, 

Henry A. 
Wellington, K. C.* 
Westgarth, Warren C. 
Westin, M. J. 
White, L. R.* 
Williams, Charles H. 
Wolff, Richard E. 


DUSTRIAL WASTES ASSOCIATION 


Attapulgus Clay 
) 


omer A. Smit 
Ayers, Lewis 
Baffa, John J. 
Bailey, S. C. 
Bainbridge, David W. 
Bale, Harvey E.* 
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Balmer, Robert R., Jr. 
Bankson, Ellis E. 
Barker, J. Conrad, Jr. 
Barofsky, Max * 
Barrett, Cecil H. 
Barrick, M. J. 
Baton, Warren U. 
Baum, H. J 
Baxter, Samuel * 
Beal, George D. 
Beamesderfer, James A. 
Beaumont, {. 
Beechwood, C. T., Ill 
Behn, Vaughn 
Bennawit, William 
Bentley, George T., 
Berry, Robert D. 
Biddle, Charles C. 
Bishop, C. A.* 
Blizzard, Ernest 
Boardman, John 
Boardman, William H., 
Bogardus, Theodore S 
Bole, Ralph D. 
Bolenius, Robert M. 
Boone, George H. 
Bradac, Charles J. 
Breter, William C.* 
Brown, Glenn V. 
Budd Company 
Bush, Bernard S 
Cairns i dore * 
Campbell, loyd R. 
Carter, N. C. 
Cauffmann, L. E 
Caulwell, Wilson B. 
Cerny, Paul J. 
Chamberlin, Noel S 
Chase, E. Sherman 
Cherry, James L 
Christy, Robert W. 
Chubb, Robert S. 
Clairton, City of 
(John J. Mullen) * 
“lark, Paul L.* 


lausen, iam E., Jr. 
Cle land, 
Coburn, 


Cochrane, J 
Codell, =. 
Cohn, "Herbert A.* 
Coltart, Rodney F. 
Cooley, H. W.* 
Corddry, W H 
Cornelius, F. V.* 
Corning Glass Works 
(Peter ) 
Corson, G. H., Inc 
(L k) 
Corson Osc ar 
Corson, Simon C 
Cosner, Laf ayette 
Crawford, Samuel 
Crawley, M 
Cree, J. Gord 
Cushman, J A. 
Cusick, Arthur C. 
Dailey, Ja 
Daly, Walter J 
Damon, H. Gilroy 
Daniels, F. E. 
Darby, W. A. 
Davenport, H. 
Davis, Edward T 
Day, Dew ayne D.* 
DeBourke, Robert P.* 
Degnan, James M.* 
DeMann, Joseph G. 
DeWire, Harry 
Dickers yn, Bruce W. 
Di ; 


Divell, Arthur 
Dore, Stanley M 
Dorworth, C. D 
Dravo Corporation 
Machinery Division 
(William A. Walton) 
Durr, John P. 
Eberle, J. F., Jr. 
Eddystone Mfg. Company 
(Paul B. Wendler) 
Edgerley, Edward 
Edwards, Myles W. 
Elkin, Harold F. 


Elkland Leather Co., Inc. 


m, Henry & Sons, Inc. 


Elliott, Edward H. 


Emerson, C. A. 


Embreeville State Hosp 

Empire Box Corporation 
(H. L. Joachim) 

Eppley, Robert G.* 


Estrada, Alfred A. 
Evans, David A. 
Falciani, R. A. 


Fawls, James F. 
Fehr, C. M.* 


Ferguson, John A." 


Ferris, Frederick 


Fetch, John J., Jr. 
Fieldhouse, George E 


Finley, J 
Flavell, George 
leming, M. C. 
Foth, Harry C. 
Fox, Joseph M 
Fox, M. L. 
Freeburn, H. M. 
Friel, F. S. 
Frymoyer, George, 
Fuehrer, Carl W. 
Fulmer, John O 


Gallmeyer, David M. 
Garlow, William A.* 


Garrity, Russell 
Gavett, Weston 
Gehle, William A 
Gehman, Harry W 


General American Transpor 


tation Corp. 


W. Pearson) 
Gentleman, Lawrence M 


Gies, Russell W. 
Gilbert, J. J. 
Gill, Paul 
Gillard, 
Gittins, John W. 
Glace, I. M., 


} Glace, Ivan M. 


Glueck, Frank J. 


Gorman, William A 

Graham, A. Kenneth 

Grandi netti, John R.* 


Gruss, John G. 


Gushard, Robert R 
Gutterman, Bernard * 


Gwin, Lewis L.* 
Haddock, Fred R 
Hagerich, J. N 
Hager, Walter R 
Hall, George A. 
Hamilton, John J 


Hamme, Donald G 
Hammond, Harry P 
Hampton, Quentin L 


Harris, Robert G.* 
Hart, W. B.* 
Harvey, J. R. 
Haseltine, T. R. 
Hauck, Charles F 
Hawes, Milton B. 
Haworth, J. V. 


Haywood, R. W., Jr 


Hearsmann, W. P., 


| Heller, C. F. 
Hendrickson, King H 


Hess, Daniel J., Jr. 
Hess, Edward C. 
Hewish, Edgar 


Hibschman, Charles A 


Arthur S 
Hill, c. 

Hill, Edward s 
Hoak, Richard D 


Hobenzack, Frank C 


Hodge, W. W., Sr 
Hoeflich, G. C. 
Hoffert, J. R. 
Hoge, Charles C.. 
Hood, John W 
Hoot, Ralph A 
Howard, Walter S 
Howell, G. A. 


Huffman, Byron H. 


Hunt, K. H 
Hutton, H. S. 
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lezzi, Thomas 

Imbt, M. Russell 
James, Thomas E., Jr. 
Johns, Alex W. 
Johnson, Earle P. 
Johnston, Charles T. 
Johnston, Robert M. 


| Johnston, W. D., Jr. 


Jones, Frank W. 
Jordan, Claude W. 
Kaiser Metal Prod., Inc. 
(T. M. Robbins, Jr.) 
Kappe, S. E. 
Kase, C. DeWitt 
Kelly, Walter J.* 
Kielkopf, Frederick 5. 
Kimball, L. R.* 
Kinderman, William 
Kisiel, Chester C. 
Kivell, Wayne A. 
Klein, Lewis 
‘line, Robert S. 
Kluck, Charles R. 
Knapp, O. H 
Kountz, R. Rupert 
Krause, Mark C. 
Kreidler, Carl * 


| Kremer, Robert W. 


Krum, Harry J. 
Lamplugh, Jesse R. 
Lancy, Leslie E. 
Langford, Leonard L. 
Lawson, 

LeGrys, H. J. 

Leh, Willard 
Lehmann, Arthur F. 
LeVan, Howard A., Jr. 
Lewis, C. J. 

Link, William E. 
Long, Frank V. 
Longley, Paul N. 
Lubrecht, Frank 

Luff, R. M.* 

Lynott, William J., Jr.* 
Mallory, B. 
Mansfield, M. 
Marshall, Wiiliam D.* 
Matter, L. D. 
McDonald, Joseph P. 
McElhaney, Harry W. 
McIntyre, Alex A. 
McMillen, C. L 
Mebus, Chester W. 
Mebus, George B. 
Meeser, George C.* 
Merkel, Paul P. 
Merman, Robert G. 


| Meyers, Fredric R.* 


Miller, J. John 
Miller, Robert F. 
Milligan, Francis B. 
Moncrieff, James I. 
Moore, Charles A. 
Moore, J. Newlin 
Morris, Edward P. 
Morris, T. 

Morse, William A. 
Moses, H. E. 
Mowry, R. B. 
Moya, Victor Jose * 


Muckinipates Authority 


(Harry L. Simon) 
Mulvihill, Francis J. 
Murdoch, William J. 
National Distillers Prod. 

Corp. 

(Thomas F. Brown) 
National Tube Company 

(I. V. Johnson) 
Nelson, H. Lloyd 
Nickerson, Robert D. 
Nicholes, Curtis 
Ohl, Warren H. 
Olewiler, Grant M. 
Ott, Anthony 
Owen, Mark B. 
Pahel, Charles 
Pardew, W. Holmes 
Paulette. Robert G. 
Penn. Salt Mfg. Co. 
Pepperman, Cecil M. 
Perry, Robert R.* 
Pettit, Grant A. 
Pfannmuller, H. C. 
Phelps, Wylie P. 
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Philadelphia Gas Works Co. 


(Thomas B. Tinney) 
Phillips, Roy L. 
ow Coke & Chem. 


(John E. Sigler) 
Pollock, < E. 

Price, J. 

Priester, Max U. 
Protzeller, Raymond J. 
Quaker Chemical Prod. 


Cor 

(Elwood Derr) 
Reed, Thomas F. 
Reese, Marshall 
Regnier, R. C., 
Reilly, John J. 
Remig, Russell L.* 
Remsen, Irving B., Jr.* 
Reuning, 
Rice, C. K. 
Rice, es G. 
Rickenbach, Howard F. 
Roberts, John D 
Rogers, D. Paul 
Rogers, Harold L. 
Rohm & Haas Co. 

(Benjamin F. Bolton) 
Rosengarten, W. E. 
Rudolph, Eldras B.* 
Rutherford, Norman P. 
Samsel, John 
Schad, Fred 
Schatz, Robert J. 
Schaut, George G. 
Scheffer, — K. 
Schindler, 
Schwartz, L. 
Searight, George P. 
Sears, Dow I. 
Seewald, Seth E.* 
Segraves, John W. 
Seymour, Raymond B. 
Sheaffer, G. Edgar 
Shealer, Robert T.* 
Sheen, Robert T. 
Sherratt, Gayle F. 
Shertzer, J. H. 
Shields, James L. 
Shiffer, Russell R. 
Shinton, R. H 
Showalter, Charles M. 
Sieber, John D. 
Siebert, L. 
Siebert, C. L. 
Simpson, Rolland Ww. 
Sivyer, William 
Slaby, Francis J. 
Smith, Bernard F. 
Smith, Harry J. 
Snyder, Raymond H. 
Soden, William W. 
Somner, Franklin L.* 
Spotts, Walter E. 
Stewart, William E. 
Stiemke, Robert E. 
Stouck, V. M. 
Stout, R. P. 
Stroh, Charles K. 
Stutzman, Robert F.* 
Susa, Stephen A. 
Swartz, Carl J. 
Swinehart, Eugene B. 
Taber, Douglass * 
Tark, M. B. 
Tarman, John E. 
Tatlock, M. W. 
Taylor, Henry W. 
TenBroeck, E. H. 
Thomas, Robert K.* 
Thompson, Howard TF. 
Tomlinson, Daniel W. 
Trebler, H. A. 
Triggs, J. Fred 
Turnbull, Harry 


Union Switch & Signal Co. 


(F. J. France) 
Varner, Frank S. 
Volk. James V. 
Wagner, Edwin B. 
Wagoner, John F. 
Waligora, John M. 
Walker, Donald T.* 
Walker, Emerson * 
Wanich, Glenn C. 
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Warner, Edward J. Weston, Roy F. Wilson, Walter A.* Yenser, Robert * oe 
Weachter, Horace * Whisler, B. A. Wilt, Marlin E.* Yeoman, Raymond E. 

Weber, Adolph sag Daniel S. Wingert, cc. &. Yerkes, John B. 

Weidner, Lawrence Wiest, Gordon 3. Woodward, John D. Young, C. 

Weiland, Luther Wilbur, Conrad C. Worrest, Howard A. Zack, Samuel I. 

Wertz, C. F. Williams, Henry C. Wright, John, Jr. Zellers, R. E.° 

Westinghouse Air Brake Co. | Williamson, Frank M. Yenchko, John Ziegler, Alvin 


(DeWitt L. Shelly) Wilson, L. A 


PUERTO RICO WATER AND SEWAGE WORKS ASSOCIATION 


Acevedo-Quintana, F.* 
Auld, Robert 


Bosch, Felipe 


Robles, Luis R. 
ras, Rafae' 


Sasvedra, Emilio F.* 


ROCKY MOUNTAIN SEWAGE WORKS ASSOCIATION 


Adams, Thomas C. Dallemand, G. E.* Lambert, George Ryan, Alfred J. 
Baldwin, T. H. Finney, John H., Jr.* Lancaster, Frank H. Rymer, Mary E 
Bassett, Robert J. Foster, Robert F. Leffel, Ernest R.* Sanchez, Herman 
a, GA M. Franks, John T. Logsdon, Ora Sherard, Ray L. 
Blunt, D. Gahr, William N. Lowe, Robert P. Spencer, Jay W., Jr 
Caldwell, ee G.* Glass, Harry J. Martinez, J. E. Smith, R. A. 
Candell, E. J. Graham, Maynard Moeller, Dade W. Streeter, Robert L. 
Cederberg, C. .. Grand Junction, City of * Moore, Theodore L. Tellyer, Harry B., Jr. 
Christenson, C. Harness, C. E. Morgan, Clifford L. Turney, William F. 
Coberly, Carroll % Hermann, Edward R. Neilson, N. P. Turre, George J. 
Connolly, James J. Howe, Ben V. Osborn, L. C. Vaseen, V 
Coors, Adolph, Company * Hunter, John M., Jr. Osenbaugh, R. J. Veatch, < M. 
(Howard V. Lewis) Jenks, Glen G. H. Williams, 
Couper, John * Johnson, C. Robert Pyle, R. H. Wright, St s. 
Cox, Buford B. Kepner, Dana E. alk Damon Yarabeck, Robert R. 


SOUTH CAROLINA WATER AND 


SEWAGE WORKS ASSOCIATION 


Bright, Marshall Gibson, F. M. Rhame, George A. Stephens, J. H. 

Broadnax, J. E. Lesslie, J. D.* Robertson, T. E. Thompson, William F. 
Connelly, H. H. Linton, W. T. Sebrell, Ralph E.* Wannamaker Chemical Co 
Eubanks, G. O., Jr.* Littleton, O. N., Jr.* Simms, R. B. (John Burney) 

Fry, E. D. Muckenfuss, C. H. Spence, J. D. 


SWISS ASSOCIATION FOR WATER AND SEWAGE PROFESSIONALS 


Baldinger, F. Fiechter, H. R. Kropf, A. Wieser, E. 
Bendel, Henry Holinger, E. Kuisel, H. Wildi, P. 
Cerny, Adolf Horler, A. Naegeli, W. Zigerli, P. 


Dardel, W Kisseleff, G. Schneiter, F. 


TEXAS WATER AND SEWAGE WORKS ASSOCIATION 


Adams, Roy A. Doty, Glen A.* Krell, Abraham J. Rachac, Frank A.* 
Albert, Melvin Sg Edwards, Stacy W. Lamar, Jones C.* Rady, Joe J. 
Albright, Philip N. Ehlers, V. M. Lankford, Leonard A. Ragan, J. L. 
Allison, S. L. Ellis, J. D., Jr.* Lasaga, Andres Ramzell, R. A. 
Andrews, ORS, Ewing, Benjamin B. Lester, John W. Ress, C. C. 
Andrews, R. U. Farrell, _ Rm Livingston, L. E. Robinson, J. L. 
Ballard, W. T. Ferris, 3 “ Lyles, L. E.* Rodgers, Wyatt A.* 
Bandy, W. A. Forrest, T. C., Jr. Lynch, James G. Roetman, Edmond T. 
Barr, Harold A., Sr.* Fowler, tothe Dz. Mahlie, W. S. Sanderfer, L. J.* 
Bartow, George E.* Freese, S. W. Mann, R. D.* Sanders, Carroll A.* 
Becker, Philip G., Jr. Friedrichs, Carl C.* Martin, H. Fred Seligmann, Irving L. 
Berg, E. J. M. Fuchs, Elmer J. Mathews, Dean S.* Sloan, Lloyd * 
Billings, C. H. Fugate, C. L. McConnell, M. J.* Smallhorst, D. F. 
Black, John L. Garrett, J. T. McCoughan, Frank A. Smith, William M. 
Black, N. W. Graeser, Henry J. Metyko, Frank [ Sorrels, J. H. 
Bonazzi, L. T.* Green, George P.* Miles, Henry J. Steel, Ernest W. 
Brady, Sidney O.* Gresham, Bob Moehlman, David D.* Stevens, Charles * 
Breedlove, S. R. Grimes, Ben L. Moeh!man, Roger Stone, William H.* 
Bryan, A. c. Halff, Albert H. Moggio, W. A. Street, Haskell R 
Bryan, J. R. Haneman, A., Jr. Moor, W. C. Thompson, A. C. 
Carter, J. W.* Hansler, Fred L.* Neffendorf, Alfred Tolar, D. H.* 
Casto, D. E.* Hardy, W. Nelson, L. B.* Turner, N. P. 
Cherry, Donald D. Harrison, Cala G. Newton, H. H. Ullrich, A. H. 
Classen, Ashley G. Harvill, Henry J. Nichols, Robert L. Umbenhauer, Elwood J. 
Collins, J. P.* Hays, Clyde C. Nosler, Richard F. Weiss, R. H. 
Connell, C. H. Henley, a, P. Nunn, Henry E.* Wells, W. N. 
Cooper, S. C. Herod, Bacil L. Parker, Earl * White, W. E. 
Cooper, William D. Herzik, G. Re _ Payne, G. R.* Wilkens, Henry, Jr. 
Corley, Earl W.* Hirsch: Lawrence * Pingry, C. C. Williams, David F. 
Crocker, B. A. Hodges, W. H. Pitstick, William J.* Williams, Everitt 
Coulson, Bennett * Holmgreen, Warren E.* Nae ge ge Henry * Wilson, J. W. 
Dannenbaum, B. Hunter, Homer A. Ponder, Winston, 

de Geurin, P. Johnson, J. M.* Powell, Witham L Youn pA M. 
Dietz, Irving Jr. King, R. Preston, A. Phillip 
Dixon, R. M. Knowlton, Richard L. Puckhaber, Pred H Zeller, P. J. A. 
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VIRGINIA INDUSTRIAL WASTES AND SEWAGE WORKS ASSOCIATION 


Albert, L. R.* Doe, F. H., Jr LaFoon, Taylor L. Rasmake, Asa * 
Americ an Cyanamid Co. Dragone, Roy Lamb, James C st Ill Reaves, Samuel H. 
(E. F Akers) DuVal, Chalkley Lawrence, W. Je. Rich, Linvil G. 
American Cyanamid Co Enslow, Linn H Leitch, fiarid. W. Ritter, Roy H 
(W. J. Cauwenberg) Evans, Samuel R. Longaker, Ralph K. Robertson, D. A., Jr. 
American Viscose Corp Fitzgerald, R. W Massey, G. Hubbard Rowan, Peter P “é 
(LeRoy H. Smith) Freeman, Philip D Mattern, G. L. Ruehl, Edward H. ; 
Bailey, J. Kenneth Coees. Eugene K.* McCann, William R Rutherford, Kyle 
Beazley, W. Gilmore Goldthorpe, Jack C McGaughy, John B., & Shewbridge, W. H. 
Beers, W. H.* Goodman, E. D.* | Assoc. Showell, E. B. 
Bergeron, F. J. Griffith, L. B.* | McGauhey, P. H Simpson, Rolland W. 
Biehn, F. O Harrison, — A.; Je | Mead Corporation Smith, Cecil R. 
Bralley, se Hedgepeth, L. (Paul C. Ellis) Sours, W. B. 
Brastow, Thomas F. Hercules Bos we Tg Co.* Merck & Company, Stone | Snyder, H. B., Jr. 
Brookneal Mills (F. L. Boddicker) | wall Plant Strother, B. L 
Bruce, Thomas K Hercules Powder Co.* (Alva C. Sapp) | Sturgeon, Myron A. 
Caplan Louis R | (Bruce W. Dickerson) Meredith, E. Sutphin, Roy L. 
Chamblin, A. F. | Hercules Powder Co. Messer, Richard Swoboda, Otto 


Chapman, W. Frank | (O. J. Hand) Miller, Frank H. Talcott, George R. 
Coburn, Stuart E. Hite, George M Morris, | Thacker, Earnest L. 
Corb + - | Hodges, S. M Neas, George M. Thayer, Royal C. 


| 
Cornwe it E. | Holt, 3 et T.* Ober, Michael H | Turner, Frank P. 
Cotton Edwin + Howard, Norman R Outterson, Charles R. U er of Virginia 
Cox, Rupert L | Hummel, = sell S Paessler, A. H. E. L. Gildea) 
Crawford, Stuart ( Johnson, W. Martin Perrow, Warren C. | Van Natta, Charles 
Crompton-Shenandoah Co Kappe, Stanley E Petty, A . | Wells, William T 
Inc. Kavanagh, J. P Phi llips, Norman, Jr. | Whiteside, F. S. 
(Samuel Y. Austin, Jr.) | Klegerman, M. H Potter, H. M. Williams, John R 
Deal, Arthur V., Jr Koonce, Edward | 


WEST VIRGINIA SEWAGE AND INDUSTRIAL WASTES ASSOCIATION 


Jenkins, George 
Jordan, Preston F 


| Rozenberg, H. W 


Whitney, Frank S. 
| Rudge, John I. 


Widney, Harry J 


| Dye, John | Latham, J. K. | Settle, J. E. 

| — Gaither | Lee, W. Marston | Shroyer, Edward 

| Ellison, James E | Lindroth, R. | he Simmons, Paul D. 
Faber, John H | Lundberg, Herman F | Sims, Mearlin L. 

( | Fortney, Glen O. | Lyon, H. D Speiden, H. W. 
Fulmer, E. C. | May, Laurel F. Staub, William S. 
Gamble, Don H. | McBrayer, Ruth | Stepp, W. H. 

| Gidley, | McCall, Robert G. Swango, William H. 
| Gillenwater, Lyhle E | McCarthy, John P. Thomas, W. R. 
| Godwin, wa son A | McCutcheon, J. R., Jr Todd, A. R. 
Goode, W. | McIntire, James N. Tschop, Harry E 
Haley, Harold Re Meyer, Frank X. Tubbs, L. G. 
| Hastings, H. K } Meyer, Robert J Virginia Woolen Company 
Heiskell, T. W Milam, J. H | (W. V. Goode) 
Hill, Kenneth V. Mills, Samuel R. Vogler, John F. 
Hodge, W. W Pitts, Harry W., Jr. Waldron, | 
Hummel, Russell S Pure Oil Company Watson, Kenneth S 
Hyde, Arnout C. (Charles C. Hulbert) Wheeling Steel Corp. 
Jacobson, Robert S | Rocheleau, Robert F. (H. A. Stobbs) 
| 
| 


Kavanagh, J. P. | Smaples, J. A. Williams, Richard L. 
J Kelley, W. D. Schaefer, J. D | Wiseman, Marrs 
Dragone, Roy Lamb, Charles B | Seltzer, John M Young, F. D. 


Duk, Herbert E 


cc Arbuckle, Paul T. : 
Bannen, John 
Barr, William L. 
+ Basham, I. E.* : 
Bethlehem Collieries 

(W. E. Hall) 
= Blundon, J. Paul 
i Bragg, Davis A., Jr ; 
Bruce, Thomas K 
Buderman, S 
os Bundy, R. C 
a Carmack, M. J < 
Clark, Joseph R : 
4 Cody, Peer S 
Cook, J. B., Jr 
Cotton, Edwin R 
Cox, K. E 
Cunningham, Paul | 
Daniels, Roy D 
Dasbach, D. I 
Del Ral 
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)) WERE ARE 
TYPICAL SOLUTIONS 
TO THE PROBLEM 


to your digester heating /or 


Akron, Ohio, Sewage Treatment Plant—Eight 
P.F.T. No. 1000 Digester Heaters and Heat 
Exchangers serving six digesters, 8,000,000 
B.t.u./hr. combined output. Four are sludge 
gas fired — four gas and oil fired. Havens & 
Emerson, Consulting Engineers. 


Hunt's Point Plant, New York City-One 
of four P.F.T. No. 634 Heat Exchanger 
units, having combined transfer rating of 
14,500,000 B.t.u./hr. output. Waste heat 
from sewage sludge gas engines is utilized. 
Engineered by New York City Department 
of Public Works, and Greeley & Hansen, 
Consulting Engineers. 


Norwich, Con- 
necticut (Vet- 
erans Hospital) 
—One P.F.T. 
No. 100 Diges- 
ter Heater uti- 
lizing steam from hos- 
pital power plant and 
arranged for future 
conversion to 
and oil firing. 
graves & Mort, 
Consulting Engi- 
neers. 


Northern Indiana State Hospital, 

Westville, Indiana—One P.F.T. No. Hart Island Sewepe Treatment Plant. New York 
> city-P.F.T. Special 2 pipe Heat Exchanger us- 

100 Heater and Heat Exchanger for ing existing boiler as a source of heat. Rated to 


sewage gas and oil firing. Boyd & transfer 140,000 B.t.u./hr. Sludge from digester 
Phelps, Consulting Engineers. is circulated through heat exchanger. Engineer- 
ed by New York City Department ¥ Public 


Works. 


PACIFIC FLUSH TANK CO. 
Waste “Jreatment Equipment Exclusively Since 1893 


4241 RAVENSWOOD AVE. CHICAGO 13, ILLINOIS 
YORK @ LOS ANGELES @ SAN FRANCISCO @ CHARLOTTE, MW. C. © JACKSONVILLE @ DENVER 
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Proceedings of Member Associations 


MISSOURI WATER AND SOUTH CAROLINA WATER 
SEWERAGE CONFERENCE AND SEWAGE WORKS 


The 1952 Annual Meeting of the ASSOCIATION 
Missouri: Water and Sewerage Confer- 
ence was held jointly with the Missouri 
Section, AWWA, on September 21 
23 at the Hotel Governor, Jefferson 
City, Mo. <A total of 225 persons regis- 
tered for the meeting. 

At the Annual Banquet, the Federa- 
tion’s Bedell Award was presented to 
N. T. Veatch, Consulting Engineer, Chairman: M. Bright, Lyman. 

Kansas City, Mo. Vice-Chairman: F. Gibson, Greenville. 

Officers elected for 1952-53 were FSIWA Director: T. E. Robertson, Jr., 


The Sewage and Industrial Wastes 
Section of the South Carolina Water 
and Sewage Works Association met in 
the offices of the Secretary-Treasurer 
on Aug. 29, 1952. 

Officers elected to serve during 1952 
53 were as follows: 


Spartanburg. 
Chairman: W. B. Sehworm, Chester 


Secretary-Treasurer: W. T. Linton, 
field. 


Vice-Chairman: J. Ramsey, Kansas 
City. George A. Rhame was nominated to 
Secretary-Treasurer: W. A. Kramer, receive the Federation’s Arthur S. 
Jefferson City. Bedell Award. 


SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 


ized’’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 


ilda 
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Cast IRON PIPE—so well known for 

its long life and widespread use in community 
water, gas and sewerage systems—also has 
diversified uses in various industries. 

The volume of water, gas and waste handled 
by many industrial plants is often 

equivalent to that of a good-sized city. 


U. S. cast iron pipe for community or 
industrial service is cast centrifugally in 
metal molds in sizes 2-inch to 24-inch with 
bell-and-spigot, mechanical joints or plain 
ends. All our cast iron pipe larger than 
24-inch and smaller pipe with flexible or 
integral flange joints are made by the pit cast 
process. With both manufacturing processes 
modern control methods are employed to 
assure a quality product—cast iron pipe 

that will satisfactorily and economically 

meet your requirements. 


United States Pipe and Foundry Co., 


General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U.S.A. 


cast iron 


Lithographed on stone for U. S. Pipe and Foundry Co. by John A. Noble, A.N.A. hy =: 
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DIRECTORY OF ENGINEERS 


(Continued through page 121a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Consulting Engineers 
WATER, = AGE AND — 
ASTE PROBLE 
AIRFIELDS, REFUSE INCINERATORS 


CITY _PLANN VALUATIONS 
REPORTS LABORATORY 
PHILADELPHIA 7 

121 S. Broad St. 


ALVORD, BURDICK & HOWSON 
Engineers 


Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 


Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civie Opera Building Chicago 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


New York 6, N. Y. 


75 West Street 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers—Airport Design—Sewage Disposal 
Systeme— Water Works Design and Operation—Surveys 
and Mape—City Planning— Highway Design—Construc- 
tion Surveye—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 


Civil and Sanitary Engineers 


W.H. & L. D. BETZ 


Consulting Engineers 


Water Supplies 
Sewer Systems 


P. 0. Box 67 


Water Treatment 
Sewage Treatment 


Industrial Waste Treatment 
Investigations 


Crystal Lake, Illinols 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa 


SEWAGE - WATER - 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway 


BLACK & VEATCH 


Consulting Engineers 
ELECTRICITY - INDUSTRY 


Kansas City 2, Missouri 


CLINTON L. BoGeRT 
J. M. M. GREIG 
DONALD M. DITMARS 


Refuse Disposal 
Drainage 


CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers 


Ivan L. BocertT 
Ropert A, LINCOLN 
ARTHUR P. ACKERMAN 


Water and Sewage Works 


Industrial Wastes 
Flood Control 


624 Madison Ave., New York 22, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


Take advantage of the services of 


these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Dis —Analyses 
Municipal—Industrial Projects 
Valuations—Reports— Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 
Consulting Engineers 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 


Industrial Wastes Problems Railroads 
468 Fourth Avenue New York 16, N. ¥. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
Valuations and Reports 
Chemica! and Biological Laboratories 
New York 3, N. Y. 


112 East 19th Street 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 
584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 E. 9th St. 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


CAMP, DRESSER and McKEE 
Consulting Engineers 
Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 
Investigations and Reports 


esearch an velopmen 
Flood Control 
6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 
Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—-Rates-Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. 


Chicago il, 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 
Drainage—Water Supply—Ai: fields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 


Consulting Civil Engineers an@ 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plante 

Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railrvads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bldg. Washington 5 


DODGE, BLISS and WALKER 
Chemical Engineers 
Specialists in Waste Treatment 
Surveys and Investigations 
Research and Development 
Design of Treatment Plants 


108 Middle Road Hamden, Connecticut 


CATHODIC PROTECTION 
Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 

CHABLES M. SPorrorD W. HORNE 
JOHN AYER WILLIAM L. HYLAND 
Bion A. BOWMAN FRANK L. LINCOLN 
CaRROLL A. FARWELL Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 


Investigations and Reports Design 
Supervision of Construction Valuations 


Boston New York 


FINKBEINER, PETTIS & STROUT 


Carveton 8. CuHarves E. Pettis 
Harotp K. Strrovur 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
‘aluations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage; Foundations 
Investigations; Reports; Plans and 


Specifications; Supervision 


823 1/2 Poydras St. New Orleans, La. 


EDWARD A. FULTON 
Consalting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washington 
Houston BEADING, PA.  pijtiadeiphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 
Samuel! A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 8S. State Street, Chicago 4 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal 7. the 
Sewage and Industrial Wastes Field! 


JOHN J. HARTE CO. 


Engineers — Architects 


284 Techwood Drive, N. W. 
Atlanta, Georgia 


HAVENS AND EMERSON 
W. L. Cc. A. Emerson 
A. A. Burger C. Tolles F. W. Jones 
W. L. Leach H ‘i. Moseley J. W. Avery 
Consulting Engineers 
Water, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 


Leader Bidg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. Y¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen W. SawyYer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, —~ 
Treatment, Reports, Flood Control, Appr 
Drainage 


Standard Ol! Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
W. W. E. E. Bioss 
H. SHIFRIN Vv. C. LiscHER 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Building, St. Louis 3, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
_ Consulting Chemists — Bacteriologists 
Analyses— Water, Sewage, Industrial Waste 
Research Litigations 
¢15-917 N. Second St. Harrisburg, Pa. 


JONES, HENRY & WILLIAMS 


(Formerly Jones, Henry & Schoonmaker) 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


and Purification, Sewe: 
Sewage Treatment, Garbage 
Disposal and Industeial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


It pays to secure competent and experienced engineering advice! 
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ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 


Consulting Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 


Laboratory Valuations INDUSTRIAL WASTE TREATMENT 
Airfields APPRAISALS 
Statler Building 327 Franklin St., Buffalo, N. Y. 
Boston 16 


500 Fifth Ave., New York 36, N. Y. 


Parsons, Briackerbof, Hall & Macdonald 


Gale Dixon, Associate 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Engineers 
Dams, Water Works Sewerage Water Supply and Purification 
’ Airports, Bridges, Tunnels Sewerage and Sewage Treatment 


Traffic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 
51 BROADWAY, NEW YORK 6, N. Y. 


Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


PIATT AND DAVIS MALCOLM PIRNIE ENGINEERS 


WM. M. PIATT 


P. D. DAVIS 


Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Cercoran St. Bidg. Durham, WN. C. 


Civil and Sanitary Engineers 


ign isi Malcolm Pirnie Ernest W. Whitlock 
Consulting, Designing, and Supervising Engineers Robert D. Mitchell Carl A. Arenander 
Water Works, Sanitary Sewers, Water Purification Malcolm Pirnie, Jr 


Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street 


New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age —— ; Industrial Wastes; Investigations 

Repo 


rts; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
Paterson 1, N. J. 


36 De Grasse St. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 


Anal 


369 B. 149th Se. 


yses 
New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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RIPPLE AND HOWE 
Consulting Engineers 


pos 
Water Works Systems, Filtration. and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 


833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 


408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla 


SEEWALD LABORATORY 


ANALYTICAL CHEMISTS 
BACTERIOLOGISTS 


ANALYSES — WATER — SEWAGE — 
INDUSTRIAL WASTES — B. O. D. 


Examination of Municipal and Private Water Supplies 


1211 WEST FOURTH STREET, WILLIAMSPORT, PA. 


SMITH and GILLESPIE 


Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fila. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys—Reports 


209 8. High St. Columbus 15, Ohio 


WARNER ENGINEERING CO. 
Engineers 
Consultation—Design—Detailing 
Structural—Mechanical—Hydraulic 
Industrial Piping and Sewerage Systems 
Industrial Waste and Sanitary Problems 


411 Broadway Building Lorain, Ohio 


J. S. Watkins . R. Watkins 
CONSULTING 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 


251 East High Kentucky 
901 Hoffman Building Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 


CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
441 North 2nd St. Reading, Pa. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sew and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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No Climbing Down Manholes! 
Now, instead of merely hand-rodding 
a temporary opening in the stoppage 
(for so-called economy’s sake)— 


FLEXIBLE has the answer. In a frac- 
tion of the time of installing ordinary 
jacks, this new smooth-operating 
MANHOLE ROLLER installs from the 
surface... fits any manhole (even 
over-flowing)...works loose brick 
manholes . ..and enables you to doa 
thorough BUCKET MACHINE job fast- 
er, easier, economically. 


SEWER-ROD EQUIPMENT CO. 
9059 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N. J. 29 Cerdan Avenue — Roslindale 31, Mass. 

P. 0. Box 465 — Memphis, Tennessee 801 E. Excelsior Bivd. — Hopkins, Minn. 

1115 Delaware Ave. — Fort Pierce, Fla. 3786 Durango St. — Los Angeles 34, Calif. 

141 W. Jackson Bivd. — Chicago, Ill. 4455 S.E. 24th Street — Portland, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. 351 West Jefferson Blvd. — Dallas, Texas 
Francis Hankin — Montreal & Toronto, Canada 
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“on ICA’S LARGEST MANUFACTUR 
! OF PIPE CLEANING TOOLS AND EQUIPMENT 


INDEX TO ANVERTISERS 


Armco Drainage and Metal Products, 
Chicago Pomp Company... 
Combustion Engi uy , Inc. (Fiat Dryer Division) .....,. 

Economy Pumpis, Ine. (Division of C. H. Wheeler Mis. Co.) .......... 
General Americas Transportation Corporation ( Process Equipment Division) 
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CHLORINATION BY WaT 


SEWAGE PLANT PERFORMANCE 


TO BETTER 


SETTLING BASINS — 
Chlorination keeps the sewage fresh 
and ensures continuance of proper settling 

in primary basin or Imhoff Tank. 

TRICKLING FILTERS — Chlorine ahead of tricking filters 
on a programmed basis prevents septic odors and ponding 
— thus permitting biological oxidation to proceed normally. 
ACTIVATED SLUDGE UNITS — Chlorination of the return 

activated sludge prevents bulking—and permits the ac- 
tivated sludge units to perform at maximum capacity. 
Join the hundreds of sewage plants that are main- 
taining top performance of their treatment pro- 
cesses with chlorination — dependable, accu- 
rate chlorination by J 


Wat. WALLACE & TIERNAN 


COMPANY, INC. 


CHLORINE AMD CHEMICAL CONTROL 
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